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i 
Summary 
In times of vanishing mature tropical forests and increasing land use pressure on tropical rural 
landscapes, secondary forests and agroforests gain importance for the conservation of mature 
tropical forest species. This is especially true for the Atlantic forest of Southern Brazil. Although 
insects make up the major component of tropical forest biodiversity, they are still poorly studied. 
Therefore, I explored the value of secondary forests and agroforests for the conservation of leaf 
litter beetle assemblages. In this context I aimed (i) to examine the recovery of leaf litter beetle 
diversity and composition following natural forest regeneration and extensive small-scale 
agroforestry, (ii) to study the relationships of environmental variables to beetle diversity and 
composition in order to define the most important parameters influencing beetle diversity and 
distribution and (iii) to evaluate the influence of temporal variations of beetle occurrences on the 
results and the suitability of the used Winkler method to study leaf litter beetle assemblages. 
The study was conducted in the coastal submontane Atlantic forest of Paraná, Southern Brazil. 
Study sites were located in the Nature Reserves Cachoeira and Itaqui, owned by the NGO Society 
for Wildlife Research and Environmental Education (SPVS). Secondary forests ranging in age from 
5 to 50 years, old-growth forest as well as small-scale banana monocultures and shade banana-palm 
plantations were studied at different points in time using a chronosequence approach. Beetles were 
sampled by sieving from leaf litter and extracting using the Winkler method as well as using pitfall 
traps. Relevant environmental variables, such as litter volume, temperature, C/N-ratio and humidity, 
tree richness, pH-value, canopy openness, patch size and distance to old-growth forest, were 
measured in each site. 
The results revealed much lower species densities and significantly different and heterogeneous 
species compositions in young secondary forests compared to old-growth forests. During forest 
regeneration, species density greatly increased, and the species composition of older secondary 
forests was similar to that of old-growth forests. Most measured environmental variables were 
significantly correlated with beetle density and richness; but, litter volume and litter temperature 
showed the strongest effect on the beetle recovery pattern. Litter temperature mediated by canopy 
openness and soil pH, interpreted as mediated by land-use history, seemed to be important factors 
for the shift in species composition during forest regrowth. Chronosequences in adjacent reserves 
showed comparable recovery patterns and environmental relationships. Sampling at different points 
in time (August: dry season and April: after rainy season) showed that although species density and 
abundance was lower in April compared to August, assemblage composition of the corresponding 
forest stages was very similar at both months and resulted in similar recovery pattern during forest 
regrowth. Thus, it indicates that sampling of litter inhabiting beetles at different points in time using 
the Winkler method not only reveals identical ecological pattern (in this case along forest 
regeneration) but also that these pattern are identified by very similar data sets, whose differences 
are more likely influenced by sample incompleteness than by strong differences in their assemblage 
composition. A strong interconnection between litter quantity and beetle occurrences seems to 
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mediate abundance and species density not only along a successional gradient, but also among 
temporal variations of this physical parameter. 
The agroforestry systems showed comparable low species densities than young secondary forests. 
Only very few mature forest species occurred in agroforests and younger forest stages, which thus 
may be able to use these forest types as habitat. The accuracy of these results gained using the 
Winkler method were studied by comparing beetle data sets sampled by litter sifting and using 
pitfall traps. Pitfall traps sampled few individuals and species. Over 60 % of the species was also 
sampled using the Winkler method. Although surely more beetles would be found by expanding the 
sampling effort, it indicates that the local leaf litter beetle fauna is mainly constituted of small to 
very small beetles, featuring moderate to low surface mobility, which were adequately sampled 
with the Winkler method.  
Given these results, I suggest that young secondary forests of up to 15 years and agroforests, 
although embedded in a forest dominated matrix, are of limited value for the conservation of most 
litter inhabiting old-growth forests beetle species. However, older secondary forests of about 35-50 
years after abandonment provide a suitable habitat for many old-growth forest species and may play 
an important role for the conservation of tropical insect communities. Important modulating factors 
for the recovery of litter beetle communities are a closing canopy, which buffer extreme micro-
climatic conditions and an increase of the quantity and quality of habitable substrate during 
secondary succession. Hence, I consider these relationships as main reason why old secondary 
forests, which differ in plant composition to old-growth forests, but are similar in physical and 
biotic conditions, already feature old-growth forest like beetle assemblages. Thus, litter temperature 
and litter quantity are factors to consider by looking for high priority sites for biodiversity 
conservation and could be of interest in restoration activities, which try to combine reforestation 
and insect conservation.  
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Zusammenfassung 
Aufgrund des zunehmenden Verlustes tropischer Primärwälder und einem zunehmenden 
Landnutzungsdruck in ländlichen tropischen Regionen nehmen Sekundär- und Agrarwälder an 
Wichtigkeit für den Erhalt der Biodiversität zu. Dies gilt im Besonderen für den atlantischen 
Regenwald Brasiliens. Obwohl Insekten den größten Teil der Biodiversität tropischer Wälder 
ausmachen, sind sie dennoch bisher wenig erforscht. Daher untersuchte ich das Potenzial von 
Sekundärwäldern und Agrarwäldern für den Erhalt Altwald-bewohnender Streukäfer-
gemeinschaften. Im Speziellen untersuchte ich (i) die Wiederbesiedlung der Streukäfergemein-
schaften anhand ihrer Artendichte und –zusammensetzung im Zuge der natürlichen Wald-
regeneration und in unterschiedlichen extensiven Agrarwaldsystemen, (ii) die Beziehungen 
zwischen Streukäferdichte und –zusammensetzung zu relevanten Umweltparametern, um die 
Parameter aufzudecken, die wesentlich die Streukäferdichte und –zusammensetzung beeinflussen 
und (iii) den Einfluss von zeitlich variierenden Streukäferbeprobungen auf das resultierende 
Wiederbesiedlungsmuster und die Eignung der verwendeten Winklermethode zur Untersuchung 
streubewohnender Käfergemeinschaften. 
Die Studien wurden in submontanen Küstenregenwäldern Paranás, Südbrasilien, durchgeführt. Die 
Untersuchungsflächen wurden in den Reservaten Cachoeira und Itaqui, der privaten NGO Society 
for Wildlife Research and Environmental Education (SPVS) eingerichtet. Sekundärwälder im Alter 
von 5 bis 50 Jahren, Altwälder und zwei unterschiedliche Agrarwälder (Bananenmonokultur, 
Bananen-Palmen-Mischplantage) wurden an unterschiedlichen saisonalen Zeitpunkten mittels eines 
Chronosequenz-Ansatzes untersucht. Käfer wurden mittels der Winklermethode und mittels 
Barberfallen beprobt. Relevante Umweltparameter, wie Streuvolumen, -temperatur, -C/N-
Verhältnis, -feuchtigkeit, Baumartenreichtum, pH des Bodens, Kronenschluß, Flächengröße und 
Entfernung zum Altwald wurden in jeder Fläche gemessen. 
Die Ergebnisse zeigen, dass junge Sekundärwälder (5-15 Jahre nach anthropogener Nutzung), im 
Vergleich zu Altwäldern („old-growth-forests“ = Referenzstadium), eine sehr geringe Artendichte 
und eine sehr heterogene Artzusammensetzung untereinander aufweisen. Im Verlauf der fort-
schreitenden Waldregeneration steigt die Artendichte stark an und die Artzusammensetzung von 
alten Sekundärwäldern (35-50 Jahre nach anthropogener Nutzung) ist sehr ähnlich der von 
Altwäldern. Dieses Resultat ist identisch in den zwei untersuchten Reservaten Serra do Itaqui und 
Rio do Cachoeira. Die meisten Umweltparameter waren signifikant korreliert mit der Käferdichte 
und dem Artenreichtum. Dabei zeigten Streuvolumen und -temperatur die stärksten Effekte auf das 
Artendiversitätsmuster. Die Abnahme der Streutemperatur, vermittelt durch eine Zunahme des 
Kronenschlusses, sowie abnehmender pH, interpretiert als standortspezifisch beeinflusst durch die 
Landnutzungshistorie, zeigten den größten Erklärungsgehalt für den Wandel der Artzusammen-
setzung im Zuge der Waldregeneration und die hohe Variabilität der Artzusammensetzung in den 
jungen Waldstadien. Ein Abpuffern von extremen Temperaturhöhen verursacht durch einen 
zunehmenden Kronenschluß, und die Zunahme der Menge besiedelbarer Streu scheinen folglich 
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sehr wichtige Faktoren für die Wiederbesiedlung von Sekundärwäldern durch Streukäfer zu sein. 
Käferbeprobungen in saisonal unterschiedlichen Monaten (August: Trockenzeit, April: nach der 
Regenzeit) zeigten, trotz geringerer Artendichte und Abundanz im April, sehr ähnliche 
Artzusammensetzungen der sich entsprechenden Stadien und ein identisches Wiederbesiedlungs-
muster. Dieses Ergebnis lässt vermuten, dass die Probennahme an unterschiedlichen Zeitpunkten 
unter Verwendung der Winklermethode und fokussierend auf kleine streubewohnende Käfer, nicht 
nur identische ökologische Muster (in diesem Falle der Wiederbesiedlung) hervorbringt, sondern 
dass diese Muster auch von einem sehr ähnlichen Artendatensatz indiziert werden. Die Unter-
schiede im Datensatz scheinen dabei stärker durch eine unvollständige Beprobung des Arten-
inventars beeinflusst zu sein als durch deutliche Unterschiede in ihrer Artzusammensetzung. Eine 
starke Beziehung zwischen Streuquantität und Käferauftreten scheint dabei die Abundanz und 
Dichte von Streukäfern nicht nur entlang eines Sukzessionsgradienten zu bedingen, sondern auch 
hinsichtlich saisonaler Variationen dieses Parameters. 
Die extensiv bewirtschafteten Bananen-Kohlpalmen-Plantagen und Bananen-Monokulturen zeigten 
geringe Artendichten vergleichbar der in jungen Sekundärwäldern. Nur sehr wenige Altwaldarten 
kamen Agrarwäldern und jungen Sekundärwäldern vor und scheinen diese Waldarten als Habitat 
nutzen zu können. Die Übertragbarkeit dieser Resultate, die auf Datensätzen erhoben mittels der 
Winkler Methode beruhen, für die gesamte Streukäferzönose wurde untersucht durch Vergleich der 
Aufsammlungen mit Daten, die mittels Barberfallen erhoben wurden. Barberfallen fingen 
verhältnismäßig wenige Arten und Individuen. Über 60 % der gefangenen Arten (bezogen auf die 
neun im Fokus stehenden Käferfamilien) wurden auch mittels der Winklermethode gefunden. 
Obwohl bei Ausweitung des Beprobungsaufwandes sicherlich weitere Arten gefangen würden zeigt 
dies, dass die lokale Streukäferfauna hauptsächlich aus kleinen bis zu sehr kleinen Individuen 
besteht, die eine geringe Mobilität aufweisen und mittels der Winkler Methode gut beprobt werden 
können. Daher kann geschlussfolgert werden, dass, unter Berücksichtigung des Ausschlusses 
größerer und regenzeitaktiver Käfer, die Winklermethode ein sehr viel besseres Abbild der lokalen 
Streukäfergemeinschaften liefert als Barberfallen. Allerdings ist die Hinzunahme von Barberfallen 
in ein Beprobungsprotokoll zur Aufnahme von Streukäfern sicherlich zu befürworten, da durch das 
Hinzukommen von weiteren Arten, die mittels der Winklermethode nicht angemessen gesammelt 
werden, der Datensatz verbessert wird. Unter Berücksichtigung all dieser Resultate kann 
geschlussfolgert werden, dass die in dieser Region vorkommenden Waldplantagensysteme in ihrer 
jetzigen Form sowie Sekundärwälder von bis zu 15 Jahren nur einen unzureichenden Lebensraum 
für typische Waldarten darstellen, obwohl diese Ökosysteme in einer walddominierten Landschaft 
eingebettet sind. Allerdings deutet die hohe Diversität und die Altwald-ähnliche Zusammensetzung 
der Käferfauna von 35-50 Jahre alten Sekundärwäldern an, dass die natürliche Waldregeneration 
über längere Zeiträume betrachtet eine geeignete Methode zum Schutz von Waldarten zu sein 
scheint. Die wichtigsten Faktoren, die die Wiederbesiedlung von Streukäfern im Zuge der 
Waldregeneration bestimmen sind eine sich schließende Kronendeckung, die extreme klimatische 
Bedingungen abpuffert, und eine Zunahme der Streumenge und –qualität. Die Abhängigkeit von 
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diesen Faktoren sowie die Ähnlichkeit von alten Sekundärwäldern und Altwäldern bezüglich dieser 
Faktoren können als Grund dafür angesehen werde, warum sich Artendichte, -reichtum und –
zusammensetzung zwischen diesen Waldökosystemen nicht unterscheidet. Damit könnten die 
mittlere Streutemperatur sowie die Streuquantität und -qualität wichtige Anhaltspunkte sein für die 
Auswahl geeigneter Schutzflächen sowie interessante Einflußgrößen darstellen, um Artendichten 
von streubewohnenden Insekten in Restaurationsflächen zu erhöhen. 
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Resumo 
Em tempos de degradação das florestas tropicais maduras e aumento da pressão pelo uso rural da 
terra, as florestas secundárias e agroflorestas ganham grande importância para a conservação das 
espécies. Estudando o efeito da regeneração florestal e a sucessão da diversidade e composição da 
fauna de besouros da liteira, foi observado que florestas secundárias jovens apresentam baixa 
densidade de espécies e significativa diferença e heterogenidade da composição de espécies quando 
comparado à florestas em avançado estágio de regeneração. Durante a regeneração florestal, a 
densidade de espécies aumentou drasticamente, e a composição das espécies da floresta secundária 
mais velha foi similar àquela encontrada na floresta em estágio avançado de regeneração. 
Cronossequências em reservas adjacentes mostraram um padrão similar de recomposição. 
Plantações agroflorestais de banana e pequenas monoculturas da fruta mostraram menores 
densidades de espécies do que a floresta secundária jovem. A maioria das espécies ocorreram 
exclusivamente na floresta secundária mais velha e na floresta em avançado estágio de regeneração 
e foram identificadas como espécies da floresta madura. Somente algumas poucas espécies 
ocorreram exclusivamente na floresta secundária jovem e podem ser identificadas como espécies 
pioneiras. Do mesmo modo, foi encontrada uma pequena quantidade de espécies na agrofloresta, as 
quais foram identificadas como pertencentes à floresta madura. Estes resultados sugerem que as 
florestas secundárias jovens de até 15 anos e as agroflorestas, embora embebida em uma matriz de 
floresta dominante, são de valor limitado para a conservação da maioria das espécies de besouros 
habitantes de liteira da floresta em estágio avançado de regeneração. Porém, florestas secundárias 
com cerca de 35-50 anos de abandono providenciam um habitat sustentável para muitas espécies do 
estágio avançado e podem assegurar uma importante regra para a conservação da comunidade 
tropical de insetos.  
Para avaliar o benefício da regeneração florestal para a conservação dos besouros da liteira é de 
extrema importância entender sua relação com as condições ambientais. Para isso, foram avaliadas 
as mudanças nas condições físicas e bióticas e seu relaciona-mento com a densidade e composição 
dos besouros durante a regeneração florestal. Oito variáveis ambientais descrevendo condições 
microclimáticas (temperatura, humidade), características da liteira (taxa C/N, volume), 
características do solo (densidade do solo, valor de pH) e estrutura da vegetação (diversidade de 
espécies arbóreas, abertura do dossel) foram mensuradas em todos os pontos de coleta. 
Adicionalmente, a distância mínima para a floresta em estágio avançado de regenaração e o 
tamanho da área foram registradas. A maioria das variáveis mensuradas mostraram tendência geral 
para consecutivo aumento (volume da liteira, riqueza de espécies arbóreas) ou diminuição (valor de 
pH, abertura do dossel, temperatura da liteira, taxa C/N da liteira) durante a regeneração florestal. 
A maioria das variáveis foi significativamente correlacionada com a densidade e riqueza dos 
besouros; mas, o volume da liteira e a temperatura do ar ao nível do solo somados mostraram a 
melhor relação com o padrão da diversidade dos besouros. A temperatura da liteira foi mediada 
pelo abertura do dossel e pelo valor do pH, interpretado como mediado pela história do uso da área, 
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pareceu ser um importante fator para a troca na composição das espécies, explicando mais as 
diferenças do que a idade de abandono da área. Os resultados deste estudo revelaram que o 
fechamento do dossel, o qual estabiliza as condições de microclima e aumenta a quantidade e 
qualidade do substrato habitável durante a sucessão secundária são aspectos importantes para a 
recomposição das assem-bléias de habitantes da liteira. Portanto, estes relacionamentos são as 
principais razões do porque as florestas secundárias mais velhas, na qual diferem na composição 
florística para as de estágio avançado de regeneração, mas são similares nas condições físicas e 
bióticas, já caracterizam as assembléias de besouros presentes nas florestas em estágio avançado de 
regeneração. Sendo assim, a temperatura e a quantidade da liteira parecem ser fatores importantes 
para considerar lugares de alta prioidade para a conservação da biodiversidade e poderia ser fatores 
de intesse em atividades de restauração, o qual tentam combinar re-florestamento e conservação 
dos insetos.  
Flutuação sazonal na ocorrência das espécies e padrões de abundância podem possuir 
confiabilidade de dados obtidos por amostras rápidas da população no espaço e tempo. Então, para 
avaliar a variabilidade temporal das assembléias de besouros de literia, foram estimados a 
qualidade dos dados recebidos pela amostra de liteira em um único ponto no tempo e também a 
adequação do uso deste método para gerar dados ecológicos básicos para as assembléias de 
besouros habitantes de liteira. Besouros foram amostrados em diferentes estágios de regeneração 
florestal em dois pontos no tempo (abril e agosto) usando a técnica de Winkler. Adicionalmente, os 
besouros foram amostrados usando armadilha ptifall durante um  periodo de 17 meses em uma 
floresta em estágio avançado de regeneração. Para todos os estágios de regeneração, a densidade e 
abundância das espécies foi menor em abril comparado a agosto; mas, a composição da assembléia 
dos estágios florestais correspon-dentes foi muito similar em ambos os meses e resultou em similar 
padrão de recomposição durante a regeneração florestal. Então, sugiro que amostras de diferentes 
pontos no tempo usando a técnica de Winkler e focando em pequenos besouros habitantes de 
liteira, não somente revela padrão ecológico idêntico (no caso da regeneração florestal) mas 
também que estes padrões são identificados pela série de dados, das quais as diferenças são mais 
comumente influenciadas pelas amostras incompletas do que pela forte diferença entre a 
composição de suas assembléias. Desse modo, uma forte interconexão entre a quantidade de liteira 
e a ocorrência dos besouros parecem mediar a abundância e a densidade das espécies não somente 
ao longo do gradiente sucessional, mas também entre variações sazonais deste parâmetro físico. As 
dez armadilhas pitfall amostraram poucos indíviduos e espécies. Dos quais 60 % das espécies 
(somente incluindo as 9 maiores famílias examinadas) foram também amostradas pela extração do 
tipo Winkler. Embora, certamente mais besouros poderiam ser encontrados pelo esforço amostral, 
isso indica que a fauna de besouros da liteira local é principalmente constituída de pequenos 
besouros, caracterizando uma moderada a baixa mobilidade. Portanto, lembrando da exclusão de 
besouros maiores e da estação chuvosa, o método Winkler revela um melhor esboço da 
comunidade de besouros habitantes de liteira do que os dados da armadilha pitfall. Entretanto, 
adicionalmente utilizando arma-dilhas pitfall em um protocolo de amostras aumentaria 
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inquestionavelmente a série de dados pela adição de espécies não adequadamente amostradas 
usando a técnica de Winkler. 
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1.1 Biodiversity and Conservation
The term biological diversity – or biodiversity – 
became one of the most important keywords in 
the context of species conservation and nature 
preservation, since first used in a scientific pub-
lication in 1988 (Wilson 1988). Biological di-
versity is the umbrella term given to the variety 
of life forms and its natural forming pattern on 
earth.  
First, it describes the huge variety of plants, 
animals and microorganisms which are for the 
most instances still unknown. While less than 2 
million species so far have been identified, es-
timates of how many species there are on earth 
range from 5 up to 30 million (May 1988, Stork  
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1993, Odegaard 2000), with most unknowns 
being terrestrial insects. Second, biodiversity 
includes the genetic differences within species, 
which determines the uniqueness of each indi-
vidual. These differences form a genetic reser-
voir which allows evolutionary change that 
enables species to specialize and populations to 
cope with changing environmental conditions. 
This enhances their ability to be competitive 
and survive. Hence, genetic diversity within 
populations provides a motor for the mainten-
ance and creation of species. Yet the third as-
pect of biodiversity is the variety of ecosystems 
presenting different environmental conditions 
for the formation of species assemblages.  
All of these aspects of biodiversity are strongly 
linked together with humans being a part of it. 
Maintaining biodiversity is of utmost impor-
tance. Besides aesthetical, cultural and econom-
ic reasons for conserving global biodiversity 
(Ehrlich and Ehrlich 1992), many field and 
experimental studies point out the crucial value 
of biodiversity – their individual traits and inte-
ractions - for maintaining and stabilizing eco-
system function (Loreau et al. 2001, Hooper et 
al. 2005), such as nutrient cycling and carbon 
fixation (Naeem et al. 1994), litter decomposi-
tion (Hättenschwiler et al. 2005) or pest control 
(Cardinale et al. 2003).  
However, Srivastava and Vellend (2005) con-
cluded, reviewing the recent literature about 
biodiversity-ecosystem function research, that 
although many studies show positive effects of 
biodiversity on ecosystem function, others do 
not and that it is not yet clear how results from 
small-scale experiments can be scaled-up to 
larger spatial scales relevant to conservation. 
Furthermore, they point out that anthropogenic 
drivers of extinction will also directly affect 
ecosystem function. Indirect effects of such 
drivers on ecosystem function, by effecting 
diversity independent of shifts in composition, 
may often be minor by comparison. Neverthe-
less, they highlight that extinctions caused by 
one stressor may reduce the potential for com-
positional shifts in response to a second stres-
sor, reducing the stability of ecosystem func-
tioning. Accordingly, in the recently published 
and notable Millennium ecosystem assessment 
(2005), biodiversity is ranked as a superordi-
nate parameter, which influences all kinds of 
ecosystem services. This is indicative of the 
overriding importance of biodiversity for eco-
system health and human wellbeing.  
 
Since the beginning of industrialization in the 
18th century, the world’s population has rapidly 
grown. Simultaneously, the human induced 
impact on the environment and the resident 
dwelling species has dramatically increased. 
Many consequences of this human dominance 
of ecosystems have been recognized as nega-
tively influencing biodiversity and intensifying 
species extinction, such as habitat loss (Brooks 
et al. 2002), habitat fragmentation (Zwick 
1992, Kruess and Tscharntke 1994), introduc-
tion of alien species (e.g., Cambray 2003) or 
chemical pollution (e.g., Edinger et al. 1998). 
Thereby, the main causes of biod
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The goals were reaffirmed during the World 
summit of Sustainable Development, in Johan-
nesburg 2002, and a significant reduction of 
global biodiversity loss till 2010 was adopted. 
However, the world population is still increas-
ing and further loss of habitats is recorded 
worldwide (FAO 2009). Hoeckstra et al. (2005) 
recently highlighted that habitat conversion 
exceeds habitat protection by a ratio of 8:1 in 
temperate grasslands and Mediterranean bio-
mes, and 10:1 in more than 140 ecoregions, 
which shows the utmost importance of conserv-
ing landscape variety. Additionally, Thomas et 
al. (2004) concluded that the human induced 
climate change, despite many uncertainties, will 
in the future, at least, rank alongside other rec-
ognized threats of biodiversity. Nevertheless, 
worldwide acceptance and funding of biologi-
cal conservation projects has never reached 
today’s dimensions. Recent literature has do-
cumented first positive results of national and 
international policy instruments on ecosystem 
preservation (Oliveira et al. 2007), ecological 
restoration and sustainable use of landscapes 
(e.g., UNDP 2004), including protection and 
reintroduction of native and endangered species 
(e.g., Vargas et al. 1996, Entwistle 2001).  
 
 
1.2 Atlantic Forest of Brazil 
Forests and their inhabiting species are espe-
cially endangered worldwide. Human induced 
loss of forest area, due to conversion to agricul-
tural land and pastures, unsustainable forest 
management, urban expansion and infrastruc-
ture development as well as impacts not coming 
along with habitat destruction, such as introduc-
tion of invasive alien plant and animal species, 
pollution and climate change vigorously threat-
en forest ecosystems. In their 2007 report about 
the “State of the world’s forests” (FAO 2007), 
the World Food and Agriculture Organization 
(FAO) estimated that approximately 13 million 
hectares of forest get lost every year which re-
sulted in a decrease of 3% of total forest area 
between 1990 and 2005.  
While in some regions of the world, such as 
Asia or Europe, the loss of forest area decrease 
or even an increase of forest area is observable, 
neotropical forests, especially primary forests, 
are still vanishing in an alarming rate (FAO 
2009). The ongoing destruction of neotropical 
forests were confirmed in their recent report 
(FAO 2009). They highlighted, that the pace of 
deforestation is unlikely to decline in the near 
future, despite low population densities in rural 
areas. The high food and fuel prices will favor 
continued forest clearance for production of 
livestock and cash crops for food, feed and bio-
fuel to meet the global demand.  
The consequences for the environment and bio-
diversity are in many cases well documented 
(e.g. for palm oil plantations: Fitzherbert et al. 
2008, Koh and Wilcove 2008, Danielsen et al. 
2008, Fargione et al. 2008, Edwards et al. 
2010); however, in general decisions all too 
seldom considered (e.g. see the discussion 
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about oil plantations in the Amazon [e.g., Lin-
genhöhl 2009]). 
 
The most threatened neotropical forest biome is 
the Atlantic forest of Brazil (Figure 1.2). The 
Atlantic forest once stretched along the entire 
east coast from the states Rio Grande do Norte 
in northeastern Brazil south to Rio Grande do 
Sul and covered an area of about 1,233,875 
km2. It is comprised of different forest types, 
ranging from mixed forests dominated by 
Araucaria angustifolia and the interior Atlantic 
forest on the high plains to tropical Atlantic 
coastal forest in the low-lying coastal plains 
(Hueck and Seibert 1981).  
The high diversity of ecosystems is caused in 
the wide altitudinal (extending from sea level 
up to 2000 m in the Serra do Mar mountain 
range) and longitudinal extension (encompass-
ing 23 degrees of latitudes) and is the reason for 
the high species diversity of the Atlantic forest 
biome (Joly et al. 1991, Oliveira-Filho and 
Fontes 2000). Moreover, the isolation from 
other neotropical forests, such as the Amazon, 
resulted in a remarkable high level of endem-
ism (Mori et al. 1981, Mori 1989).  
Since the 16th century, when the first Portu-
guese, Spanish and French colonial settlements 
were established along the Atlantic coast, the 
Atlantic forest has been exploited for timber 
(especially Pau brasil), charcoal and firewood. 
Huge areas were cleared to establish pastures, 
settlements and coffee, cacao or sugarcane 
plantations (Dean 1995). During industrializa-
tion and economic development of the 19th and 
20th centuries many cities, such as São Paulo, 
Rio de Janeiro or Salvador da Bahia, expanded 
in population growth and size which led to fur-
ther loss of forest area. Today approximately 70 
% of the Brazilian population is living in for-
mer Atlantic forest areas along the east coast of 
Brazil. Additionally, in industrial areas at the 
periphery of the mega-cities which directly 
border on forest remnants, forest habitats were 
further affected by air pollution, unfiltered 
wastewater and inappropriate waste manage-
ment (Guimarães 1991, Sangmeister 1995).  
This severe human impact resulted in a reduc-
tion of 85 to 89 % of the original Atlantic forest 
expansion (Figure 2) and the remaining 11 to 
15 % are secondary forest rather than undis-
turbed primary forests (Ribeiro et al. 2009). 
The narrow strip of coastal forest in northeas-
tern Brazil is almost totally destroyed (approx-
imately 1% remains), whereas the best-
preserved forest areas in Brazil are located on 
the steep slopes of the coastal Serra do Mar 
mountains of the Southern states of Rio de Ja-
neiro, São Paulo and Paraná where agriculture 
is not efficient and settlement is sparse. 
Although large areas of the Brazilian Atlantic 
forest are under various forms of protection 
(Rylands and Brandon 2005), a minor 1.8 % of 
the remaining forest area is protected when 
considering only those areas in IUCN protec-
tion categories I to IV, including scientific re-
serves (I), national parks (II), national monu-
ments (III) and nature conservation reserves 
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(IV, IUCN 2009). Besides governmental pro-
tection efforts, the Private Natural Heritage 
Reserve Program (Reserva Particular do Pa-
trimônio Natural - RPPN) plays a major role in 
Atlantic forest conservation. The RPPN was 
enacted in 1990 and enables private owners to 
hold land, which is restricted to research, envi-
ronmental education and ecotourism. With 627 
RPPN’s, approximately 67 % of all registered 
private reserves in Brazil are situated in the 
Atlantic forest biome. Together they are pro-
tecting more than 130.000 hectares of this bi-
ome (Oliveira et al. 2010). RPPN’s are helping 
to fill a gap left by the absence of a more ag-
gressive conservation policy in Brazil. Alto-
gether more than 700 individuals, corporations 
and activist groups have voluntarily registered 
private property under the RPPN scheme since 
1990, making a total of 479,153 hectare of area 
under protection.  
An increasing national (private and governmen-
tal) and international interest in conserving the 
biodiversity of the Atlantic forest is articulated 
in various initiatives and research projects, such 
as (i) a pilot program to conserve Brazilian rain 
forests (PP-G7), administered by the World 
Bank (Ayres et al. 1997), (ii) the project “At-
lantic forest conservation fund (AFCoF)” con-
ducted in the course of the climate initiative 
funded by the German federal ministry for the 
environment, nature conservation and nuclear 
safety (BMU) or (iii) the recently expired Ger-
man - Brazilian cooperation project SOLOBI-
OMA (Höfer et al. 2007).  
 
 
 
 
 
Figure 1.2: Original expansion (A; green area) and still existent remnants (B; green area) of the Brazilian Atlantic for-
est. Human exploitation led to a decrease of original Atlantic forest cover of approximately 85-89 % within the last 
centuries (Source: SPVS 2009). 
A 
B 
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This project was embedded in the much broader 
scientific program “Mata Atlantica” funded by 
the German federal ministry of education and 
research (BMBF) and the Brazilian national 
counsel of technological and scientific devel-
opment (CNPq). 
This interest reached even a political level, as a 
draft law for the protection and sustainable use 
of mature Atlantic forests, introduced in 1992, 
was finally passed in 2006 (Law N°. 11428/06, 
Lei Direto 2009) with their implementing rules 
recently passed in 2008 (decree 6600). 
There is now an urgent need in collecting basic 
ecological data to deal with the necessity of 
establishing conservation and landscape man-
agement strategies to enhance the prospects of 
protecting vast parts of the remaining Brazilian 
Atlantic forest area and their biodiversity in the 
long term. This is especially true realizing the 
still growing social and economic interest to 
cultivate and manage tropical forest ecosys-
tems. 
 
 
1.3 Insect Conservation in Tropical 
Forests 
Tropical forest ecosystems are characterized by 
an enormous diversity of mostly unknown in-
sect species (Erwin 1982, Stork 1988, Wilson 
1991). Although representing a great part of 
global biodiversity, little is known, for exam-
ple, about the diversity and the inventory of 
tropical beetle assemblages and their impor-
tance for forest ecosystem function, such as 
litter decomposition, nutrient cycling, food web 
regulation or beetle-plant interactions (Didham 
et al. 2010). Due to their vast diversity and of-
ten very small body size - which does not ele-
vate insects into a favored position of taxonom-
ical and ecological studies - as well as their 
patchy distribution and low abundances, in of-
ten times inaccessible regions, tropical insect 
communities are not locally inventoried in most 
instances. Hammond (1992) estimated that only 
20-35 % of worldwide insect species are 
named, not to mention the lack of basic biolog-
ical and ecological data (Basset 1999). Given 
the rapid loss of tropical forest habitats, insects 
undoubtedly represent the greatest portion of 
endangered animals worldwide (Lewis and 
Basset 2007). At least among Entomologists, an 
increase of work on tropical insect communities 
and the establishment of conservation plans for 
the protection of tropical insect communities 
are considered as crucial for the preservation of 
global biodiversity. This can be recognized 
through a new journal recently launched by the 
Royal Entomological Society, which exclusive-
ly focuses on insect conservation and diversity 
(Leather et al. 2008). Due to the difficulties 
already mentioned in determining ecological 
data of tropical insect species, successful con-
servation strategies, which base on autecologi-
cal data, are unlikely applicable. Autecological 
data based strategies are often used for well 
studied flagship species in temperate regions 
(e.g. Mote et al. 1998, Linnell et al. 2001, Pe-
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drini and Sergio 2002, Novinger and Rahel 
2003), but are, in tropical regions, only appli-
cable for few well known mammal species, 
such as jaguar (Panthera onca; Quigley and 
Crawshaw 1992, Garla et al. 2001) or tapir 
(Tapirus sp.; Foerster and Vaughan 2002). New 
approaches on the basis of complete regional 
inventories, which improve the understanding 
of spatio-temporal distribution of insect biodi-
versity are needed, as rare species, least likely 
to be recorded, are often of most conservation 
concern (Lewis and Basset 2007). Additionally, 
information about response pattern of insect 
assemblages to habitat degradation, habitat 
regeneration and land use change, regional 
indicator-based classification systems of ha-
bitat quality to identify key habitat zones of 
high protection value as well as forest restora-
tion projects are of utmost importance to face 
the challenge of applied tropical insect conser-
vation in a socio-economical environment. 
 
 
 
1.4 Intentions and Objectives  
The original research for this thesis was con-
ducted regarding the need for basic data relat-
ing a mega-diverse arthropod group in a highly 
endangered “hotspot” of biodiversity (Myers et 
al. 2000, Brooks et al. 2002). 
However, the studies do not aim to completely 
monitor the regional litter inhabiting beetle 
inventory. In fact, the overall goal of these stu-
dies is to enhance the scientific understanding 
of the litter inhabiting beetle fauna in submon-
tane Atlantic forests of Southern Brazil, with 
particular emphasis on:  
(1) Beetle response to natural forest regenera-
tion and management (Chapter 3).  
(2) The importance of different environmental 
factors for explaining the distribution pattern of 
species diversity and composition (Chapter 4).  
(3) The temporal variation of litter inhabiting 
beetle assemblages and the suitability of using a 
sampling method (Winkler extraction), which 
provides snap-shots of the beetle fauna, to gen-
erate basic data for litter inhabiting beetle as-
semblages (Chapter 5).  
 
Beetles are the study subject of these studies, as 
they are affecting many important eco-
systematic processes in forests, including litter 
decomposition, nutrient flow and food web 
regulation. Being predators as well as decom-
posers, such as saprophagous, phytophagous 
and fungivorous species, they are modulating 
their environment at different trophic levels.  
Additionally, beetles are extraordinarily species 
rich and abundant in tropical forests (Stork 
1988, Hammond 1990, Nadkarni and Longino 
1990, Didham et al. 1998, Storck and Grim-
bacher 2006) and reflect the species richness of 
other insect communities (Moeed and Meads 
1985). Their short life-cycle makes them sus-
ceptible to habitat change but may also enable a 
rapid re-colonization during regeneration proc-
esses. Therefore, beetles are an ideal study ob-
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ject investigating the resilience of a highly di-
verse insect group in a tropical forest.  
Owing to their diminutive size, poor taxonomi-
cal description and tremendous diversity of 
tropical species, litter inhabiting beetles and 
their response to forest regeneration have been 
rarely studied. Most existing studies of 
neotropical forests, using beetles as study ob-
ject, focused on dung beetles (Hallfter and 
Arellano 2002, Horgan 2005; Nichols et al. 
2007, but, see Didham et al. 1998) and exam-
ined the effect of fragmentation (Didham et al. 
1998, Estrada and Coates-Estrada 2002, Andre-
sen 2003) and restoration (Watts and Gibbs 
2002, Davis et al. 2003).  
To my knowledge no comparative study inves-
tigating different aspects of spatial and tempo-
ral distribution of litter inhabiting beetles has 
been conducted to this day in Atlantic forests of 
Southern Brazil. Despite the difficulties men-
tioned this thesis focus on litter inhabiting bee-
tles for following reasons: 
1. Biodiversity: The soil and litter stratum is a 
very complex habitat, influenced by above 
ground as well as below ground conditions, 
which harbors an enormous diversity (Stork 
and Grimbacher 2006). Biological data of in-
sect diversity in this microhabitat and their re-
sponse to changing above- and belowground 
conditions is still rare in tropical forests and in 
particular the Guaraqueçaba region.  
2. Ecosystem function: The soil and litter stra-
tum is the locality of many important ecosys-
tem functions and services, which in numerous 
cases are provided by insects (e.g., Losey and 
Vaughan 2006). Basic data about organisms 
involved in these functions are valuable infor-
mation for further studies focusing on the rela-
tionship between biodiversity and ecosystem 
services. 
3. Comparability/Reliability: Litter inhabiting 
beetles are generally very small, are strongly 
tied to a certain microhabitat and show low 
surface mobility. As the study region is a highly 
fragmented region of many small forest 
patches, a study object featuring such characte-
ristics is very suitable for a comparison of dif-
ferent habitat types, which are in close vicinity 
to each other. The reliability and comparability 
of sampled data increases as fewer “tourist spe-
cies” (species which do not represent genuine 
members of the community in question 
and therefore their inclusion in an analysis is 
dubious) can be expected.  
 
The thesis is divided into single studies, or-
dered in chapters, which focus on different as-
pects of beetle ecology. Together they should 
give first insights into regional beetle diversity 
and their distribution. Finally, the results will 
be discussed in a conservation context (Chapter 
6). This includes implications for the conserva-
tion of beetles in tropical forests, limitations in 
the generalization of study results due to un-
known regional aspects and an outlook to re-
quired future research activities, which should 
be conducted to substantially enhance the 
knowledge of litter beetle ecology and diversity 
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and to link this diversity to valuable ecosystem 
services in the submontane forests of Southern 
Brazil. 
Specifically, my aims are to:   
(1)  Analyze and evaluate the pattern of beetle 
density, richness and composition of agrofo-
rests and secondary forests following natural 
forest regeneration and to determine the species 
responses which trigger the overall pattern 
(Chapter 3). This chapter provides data about 
the potential of different modified forest-like 
habitats (managed [agroforest] and unmanaged 
[secondary forest]) to act as refuges for forest 
species.  
(2)  Investigate the effect of changing environ-
mental factors during forest regeneration on the 
pattern of species density, species richness and 
assemblage composition and evaluate their im-
portance for beetle species establishment 
(Chapter 4). Results supply basic data about the 
dominating factors influencing beetle occur-
rence and contribute hints for restoration activi-
ties which would enhance the recovery of 
beetle communities in ecological restoration 
activities.  
(3)  Study the temporal and spatial variability 
of beetle assemblages in order to evaluate the 
generality of the results determined in the pre-
ceding chapters, obtain basic information about 
their ß-diversity and evaluate the suitability of 
using the Winkler method for studying leaf 
litter beetle assemblages in the study area 
(Chapter 5). 
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2.1 Study Area 
The investigations combined in this thesis were 
conducted in the coastal mountain range called 
Serra do Mar, of Paraná state, Southern Brazil 
within the municipalities of Antonina 
(25°19’15’’S; 45°42’24’’W) and Guaraqueçaba 
(25°18′25″S; 48°19′44″W). The study area is 
located in a rural, forest dominated region 
within the Guaraqueçaba Environmental Pro-
tection Area (EPA Guaraqueçaba). The EPA 
Guaraqueçaba forms a landscape conservation 
area of 313,234 hectares in size within the larg-
est and best preserved remnant of continuous 
Atlantic Forest in Brazil. Because of their pa-
ramount importance for maintaining global 
biodiversity, this Atlantic forest remnant has 
been included in the UNESCO list of World 
Heritage sites since 1999 (UNESCO 2009). 
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The EPA Guaraqueçaba contains a diverse 
range of habitats, including mangroves, coastal 
moist broad-leaf forests, called restinga, 
marshes and moist lowlands to upper montane 
Atlantic forests. The EPA includes a national 
park (Superagui), a federal ecological station 
and several private nature reserves (RPPN), 
such as the two reserves Rio do Cachoeira and 
Serra do Itaqui (Figure 2.1, Figure 2.4) owned 
by the non-governmental organization SPVS 
(Portuguese acronym for the Society for Wild-
life Research and Environmental Education).  
 
 
 
Figure 2.1: Map of the region where the study was con-
ducted, indicating the location of the reserves Rio do 
Cachoeira and Serra do Itaqui 
 
 
The SPVS has the mission to work toward the 
conservation of nature by: (1) Protecting native 
areas. (2) Carrying out environmental education 
programs. (3) Developing models for the ra-
tional utilization of natural resources (see 
www.spvs.org.br). In this context, the SPVS 
aims to conserve and restore pristine forest eco-
systems by using distinct ecological restoration 
practices, such as the planting of native trees or 
the removal of exotic plant species (e.g., Bra-
chiaria humidicola/ multica), and by supporting 
self-regulating mechanisms, such as natural 
forest regeneration (Feretti and Britez 2006).  
The detailed documentation of vegetation cover 
and soil type distribution as well as the relative-
ly easy accessibility of selected sites, due to the 
existence of trails and experienced staff, make 
these reserves an ideal model region for succes-
sion studies in a still reasonably preserved trop-
ical forest environment. 
The landscape section, where the studies were 
conducted, is located in the lowland to submon-
tane zone, ranging from 50 to 600 m above sea 
level. The section is composed of different suc-
cessional stages of Atlantic submontane forest 
including old-growth forest (see 2.2), small 
settlements, farmlands and pastures. Forest dis-
turbance and deforestation which formed this 
mosaic landscape were mainly brought about 
by buffalo grazing, coffee, banana and manioc 
plantations as well as selective logging.  
 
 
2.1.1 Regional Climate 
The regional climate adjacent to the main 
mountain ridge of the Serra do Mar coastal 
mountain range is defined as mesothermic sub-
Reserva Natural 
Rio do Cachoeira 
Reserva Natural 
Serra do Itaqui  
 
 tropical humid (Köppens Cfa, Figu
climate zone is characterized by
summers and chilly to mild winter
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range, which was additionally lifted through 
movement of tectonical plates in the younger 
Cenozoic (beginning approximately 23 million 
years ago) and volcanic eruptions. Modifica-
tions by fault-scarp retreat and erosive 
processes formed a hilly, submontane region 
upstream of the fast rising mountain range. Due 
to extreme consecutive climatic changes in the 
quaternary (one million to 600,000 years), to-
day igneous and metamorphic rocks (especially 
gneiss and feldspar) form the underground rock 
(Beurlen 1969).  
The development of soil is mainly coined by 
their undisturbed formation, the base shortage 
of the origin rock and the subtropical to tropical 
climate. Locally, different kinds of soil types 
emerged from this rock substratum, depending 
on altitude or site-specific conditions, such as 
slope or groundwater level (Selvaradjou et al. 
2005, Figure 2.4). Predominant soil types are 
Cambisols, Argisols, Latosols and Gleysols:  
 
(I) Cambisol 
Cambisols are characterized by the absence of a 
layer of accumulated clay, humus and soluble 
salts or iron and aluminum oxides (Figure 2.3). 
They differ from unweathered parent material 
in their aggregate structure, color, clay content, 
carbonate content or other properties that give 
some evidence of soil-forming processes. Often 
they occur together with Latossols and Argisols 
and switch between these different types on a 
small scale basis. Soil fertility and stability de-
pend on soil depths and relief.         
(II) Argisol (= Acrisol FAO) 
Argisols are moderately deep, well drained 
soils. Their main characteristic is the presence 
of a textural B horizon. The B horizon is al-
ways more loamy than the horizons above and 
below it. A typical horizon sequence is A-Bt-C, 
where Bt represents the textural B horizon. 
These soils are similar to Ultisols in U.S. Soil 
Taxonomy.  
 
(III) Latosol (= Ferralsol FAO) 
Latosols are red and yellow weathered soils 
whose colors result from an accumulation of 
metal oxides, particularly iron and aluminum. 
Because of the residual metal oxides and the 
leaching of mineral nutrients, they have low 
fertility. Latosols are defined by a fine-textured 
subsurface layer of low silt to clay ratio, high 
contents of kaolinitic clay and iron and alumi-
num oxides, and low amounts of available cal-
cium or magnesium.  
 
 
Figure 2.3: Soil profile of two regionally prevalent soil 
types cambisol (left) and gleysol (right). 
 
 
(IV) Gleysol  
Gleysols are formed under waterlogged condi-
tions produced by rising groundwater. They are 
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technically characterized by both chemical and 
visual evidence of iron reduction (Figure 2.3). 
Subsequent downward translocation (migra-
tion) of the reduced iron in the soil profile is 
associated with gray or blue colors in subsur-
face horizons (layers). Regionally, they prevail 
in the plain river valleys, where they result 
from aluvial or colluvial deposits.  
The thickness of the soil layers vary strongly 
locally, ranging from profound soils in the 
plains and river valleys, due to distinctive de-
posits of sediment, to almost bare rocks at ex-
treme locations, such as steep slopes. In con-
trast, the soil of the coastal basin was developed 
through marine, fluvio-marine or fluvial sedi-
mentation in the geological presence. These 
deposits forming the foundation of dune asso-
ciated ecosystems, such as moist broadleaf fo-
rests called Restinga (marine) and the man-
groves (fluvio-marine). 
 
 
2.2 Study sites 
2.2.1 Forest stages 
The study sites of the forest stages were located 
in the two adjacent private nature reserves Rio 
do Cachoeira (Cachoeira) and Serra do Itaqui 
(Figure 2.5; and see section 2.1). Both reserves 
are situated in the submontane forest zone of 
the coastal Atlantic forest (0-600 m ASL), in a 
distance of approximately 40 km. The natural 
vegetation of both reserves is classified as hu-
mid submontane rainforest (Floresta Om-
bróphila Densa Submontana; IBGE 1992).  
 
Figure 2.4: Coarse distribution of soil types in the coastal region of Paraná state, around the Paranaguá bay in Southern 
Brazil. Soil types were named using the Brazilian classification system of soil types (Palmieri et al. 2003). Soil types 
are equivalent to the following nomenclature at the FAO soil classification system: cambisol (= cambisol), gleysol (= 
gleysol), Spodosol (= Podzol), Argisol (= Acrisol) and Latossol (= Ferralsol). 
EKg: Spodosol 
GZ: Gleysol (saline) 
GX2: Gleysol (haplic) 
PVAd27-29: Argisol (yellow-red, dystrophic) 
AR2: pure rock 
LVAd2: Latosol (yellow-red, dystrophic) 
CXb18, 19, 24: Cambisol (haplic – dystrophic) 
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I used a ‘space for time’ substitution approach 
(= chronosequence approach) to investigate the 
spatial and temporal distribution pattern of leaf 
litter beetle metrics. The chronosequence ap-
proach used to examine long-term trends in 
which systems of different ages are compared 
to determine the trajectory of a metric, instead 
of monitoring a single system over time. Thus, 
I imply that, before deforestation and anthropo-
genic usage, all studied secondary forest had an 
old-growth forest like vegetation structure and 
composition (confirmed by R Britez [SPVS] 
personal communication). The validity of using 
the chronosequence approach to infer basic 
patterns of successional change was already 
confirmed in several studies (e.g., Pickett 1989, 
Frelich and Reich 1995, Foster and Tilman 
2000).  
In each of the two reserves one chronose-
quences were established. One chronosequence 
comprises three stages of secondary forest as 
well as a mature old-growth forest site as a ref-
erence (Table 2.1). Each forest stage was three-
fold replicated, making a total of 12 sites per 
chronosequence (in Itaqui 11 sites, see subsec-
tion Stage 2: Young secondary forest). All 
study sites were installed on cambisol to avoid 
effects of soil type on beetle density and com-
position (for effects of soil type on regional 
beetle assemblages see Hopp et al. 2010). The 
study sites were scattered over the reserve to 
avoid bias due to spatial distance among repli-
cate sites. The age after abandonment of the 
forest patches was estimated by means of long-
term residents and satellite photos from the 
years 1952, 1980 and 2002 for Cachoeira and 
1950 and 2000 for Itaqui, provided by the 
SPVS. Satellite photos were blended with local 
vegetation and soil data also provided by the 
SPVS, using a GIS environment (ArcGis, 
ESRI, Redlands, CA). The A priori selected 
forest stages which should reflect distinct 
phases of forest regeneration are characterized 
as follows: 
 
Stage 1: Very young secondary forest  
The youngest stage of secondary forest encom-
passes sites of 5-7 years after abandonment and 
belongs to the “herbaceae inicial” stage of the 
Brazilian classification system for forest suc-
cession stages (IBGE 1992). Whereas, sites in 
the Serra do Itaqui reserve have an age of 6-7 
years, all sites in the Rio do Cachoeira reserve 
are approximately 5 years old (Figure 2.6). 
 
Table 2.1: Number and identification codes of sampled sites in Cachoeira reserve and Itaqui reserve. The site codes 
contains three items: I/C for Itaqui/Cachoeira, 1-3 indicating the three replicate sites per successional stage and 
H/A/M/F indicating the different successional stages (H: stage 1, A: stage 2, M: stage 3 and F: stage 4). Numbers indi-
cate the number of sites studied per forest stage - location combination. 
Cachoeira   Itaqui 
stage 1 stage 2 stage 3 stage 4   stage 1 stage 2 stage 3 stage 4 
3 3 3 3   3 2 3 3 
C 1-3 H C 1-3 A C 1-3 M C 1-3 F   I 1-3 H I 1-2 A I 1-3 M I 1-3 F 
  
 
 
Figure 2.5: Maps of the study regions, in
the Serra do Itaqui reserve (b). Numbers
stages differs between Figure 6A and 6B
 
 
Previous land use history differs
however, buffalo grazing in gen
predominant anthropogenic usag
forest area in this region and the 
particular (Table 2.2). 
In contrast to all other sites, 
caused grazing damage to the stu
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ral composition varies strongly b
and suggests differences in previ
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dicating the location of the study sites in the Rio do 
 indicate successional stages 1-4. Note that the color
, due to the inconsistence of provided material.   
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e of former 
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buffalos still 
dy sites CH2 
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B
spp., Eupatorium spp.) and Melastomataceae 
(e.g. Ossaea amigdaloides, Leandra spp., Mi-
conia spp.). The low developed tree stratum is 
composed of pioneers like Myrsine spp. (Myr-
sinaceae), Tibouchina pulchra (Melastomata-
ceae) or Jacaranda puberula (Bigoniaceae). 
Older and larger trees, which are sporadically 
present in the study sites, are maintained as 
shade trees for the livestock and do not reflect 
the age of the site.  
 
Stage 2: Young secondary forest 
The sites of young secondary forest used in this 
study range between 10 and 15 years after 
abandonment (Figure 2.7, Table 2.2). All of 
these sites belong to the ‘estagio arboreo ini-
cial’ following the IBGE classification. These 
sites are generally characterized by a much less 
developed herbal layer with less shrubs and 
bushes compared to Stage 1.  
The floral community is mainly composed of 
young pioneer tree species, such as Myrsine 
spp. (Myrsinaceae), Pera glabrata (Euphorbia-
ceae), Jacaranda puberula (Bigoniaceae), Ti-
bouchina pulchra (Melastomataceae), Andira 
anthelmintica (Fabaceae) and Acnistus arbo-
rescens. 
Nevertheless, microclimatic conditions still can 
be suitable for shrubs (especially some Melas-
tomataceae), so that areas emerge which are 
dominated by shrubs under the tree layer. The 
pioneer trees are in general up to ten meters in 
height and forming a single-layer canopy with a 
low degree of closure.  
 
 
 
Figure 2.6: Characteristic photos for the replicate sites of the very young secondary forest stage in the Rio do Cachoei-
ra reserve: site 1 (C1H [A]), site 2 (C2H [B]), site 3 (C3H [C]) and the Serra do Itaqui reserve: site 1 (I1H [D]), site 
2(I2H [E]), site 3 (I3H [F]). 
E F D 
A B C 
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Due to difficulties in finding forest patches of 
12-15 years after abandonment within the Ita-
qui reserve, only two replicate sites of this for-
est stage were installed. 
 
Stage 3: Old secondary forest 
The old secondary forests investigated in this 
study already form mature forests which do not 
show characteristics of initial or pioneer com-
munities (Figure 2.8). Age after abandonment 
and previous land-use history were examined 
by means of residents and the use of satellite 
photos provided by the SPVS (Table 2.2). Due 
to uncertainties regarding the precise age of 
each single site, the old secondary forests were 
classified as 35-50 years old forests. Neverthe-
less, sites were clearly defined as medium stage 
secondary forest (‘estagio medio’) following 
the IBGE classification and can easily be dis-
tinguished from old-growth forest, as sites on 
these secondary forests were totally deforested 
on satellite photos from 1952 in Cachoeira and 
1950 in Itaqui. Data about the previous land-
use, determined by interviewing long-term res-
idents and data provided by the SPVS, con-
firmed the membership of all selected sites.  
In general, the old secondary forests showed a 
less diverse vegetation cover and a different 
floral composition compared to old-growth 
forests (Meyer 2009 and see Chapter 2). Occur-
rence of shrubs is rare and confined to Psycho-
tria species (Psychotria nuda, Psychotria sute-
rella, Psychotria spp. [Rubiaceae]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Characteristic photos for the replicate sites of the young secondary forest stage in the Rio do Cachoeira 
reserve: site 1 (C1A [A]), site 2(C2A [B]), site 3 (C3A [C]) and the Serra do Itaqui reserve: site 1 (I1A [D]) and site 2 
(I2A [E]). 
A B 
C D E 
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A B C 
D E 
The trees reach a height of 20 m and carry epi-
phytes of the families of Bromeliaceae, Orchi-
daceae and Gesneriaceae. The tree stratum is 
composed of Myrtaceae (Myrcia spp., Calyp-
tranthes spp.), Lauraceae (Ocotea spp., .ec-
tandra spp.) and Euphorbiaceae (Alchornea 
spp.).  
 
Stage 4: Mature old-growth forest 
Old-growth forest sites were added to the study 
sites as a reference for the secondary forest 
regeneration (Figure 2.9). As the Atlantic forest 
biome already has suffered human modification 
for a long time, it cannot be assumed that these 
forests were never modified to some degree by 
selective logging or hunting. Nevertheless, they 
were not deforested at least for more than 100 
years and occur mostly on steep slopes and 
isolated valleys, which are not suitable for cat-
tle grazing and agriculture (Table 2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8: Characteristic photos for the replicate sites of the old secondary forest stage in the Rio do Cachoeira re-
serve: site 1 (C1M [A]), site 2(C2M [B]), site 3 (C3M [C]) and the Serra do Itaqui reserve: site 1 (I1M [D]), site 3(I3M 
[E]).  No picture was available for site 2 (I2M). 
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Therefore, these forest sites are assumed to be 
very similar in their vegetational composition 
to the native Atlantic submontane rainforest 
(Floresta Ombrófila Densa Submontana). Sites 
were set using floristic data and historical nota-
tions provided by the owning SPVS and resi-
dents.  
Vegetation type and structure clearly differ 
from that of mature secondary forests (Meyer 
2009) and are conform to characteristics cited 
by the Brazilian classification system (IBGE). 
While situated in the remaining large remnants 
of Atlantic forest in Paraná state, it was not 
always possible to install all replicate sites in 
forest patches, which are totally separated from 
each other. Sites C1F and C2F in Cachoeira and 
I1F and I3F in Itaqui were installed in great 
distance to each other but within the same large 
forest fragment respectively.  
The multilayered tree stratum reaches a height 
of up to 35 m and accommodates a very dense 
and diverse epiphyte flora, including (i) Brome-
liaceae, such as Aechmea nudicaulis, Aechmea 
pectinata, Aechmea organensis, .idularium 
inocentii, .idularium procerum, Vriesea rodi-
gasiana, Vriesea friburgensis, Vriesea phillipo-
coburgii, Vriesea incurvata, Vriesea ensiformis, 
Vriesea carinata, (ii) Orchidaceae, such as 
Dickaea pendula, Epidendrum latilabre, Epi-
dendrum rigidum, Epidendrum strobiliferum, 
Epidendrum ellipticum, Reichenbacanthus ref-
lexus, Rodriguesia sp., Cattleya forbesii, Jac-
queniella sp., (iii) Cactaceae, such as Rhipsalis 
teres, Rhipsalis pachyptera, Rhipsalis rhombea, 
Rhipsalis elliptica, (iv) Gesneriaceae, such as 
Codonanthe gracilis, Codonanthe devosiana, 
and (v) Araceae, such as Philodendron spp., 
Monstera adansonnii, Anthurium melanorhy-
zum.  
Dominating tree species are Ocotea catharinen-
sis (Lauraceae), Sloanea guianensis (Elaeocar-
paceae) Alchornea triplinervia (Euphorbia-
ceae), Alchornea glandulosa (Euphorbiaceae), 
Schizolobium parahyba (Caesalpiniaceae), 
Cryptocarya aschersoniana (Lauraceae), .ec-
tandra rigida (Lauraceae), Aspidosperma oli-
vaceum (Apocynaceae), Virola bicuhyba (My-
risticaceae), Cariniana estrellensis (Lecythida-
ceae), Pachystroma longifolium (Euphorbia-
ceae), Pterocarpus violaceus (Fabaceae), Co-
paifera trapezifolia (Caesalpiniaceae) Cabralea 
canjerana (Meliaceae), Cedrella fissilis (Melia-
ceae) and Phytolacca dióica (Phitolacaceae).  
 
However, the replicate sites showed strong dif-
ferences between their floral compositions. 
This can be attributed to a patchy distribution 
of old-growth forest tree species clearly ex-
ceeding the size of the study sites (30 m x 50 
m; Meyer 2009).  
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Table 2.2: Site specific parameter of studied forest areas with regard to location, fragment size and height as well as 
site specific data of previous land use history. Age (after abandonment) indicate the membership to the A priori forest 
stage. Height and fragment size were calculated using satellite photos and data about vegetation blended in a GIS envi-
ronment. Land use history was retraced by interviewing long-term residents and chronicles provided by the SPVS. 
     Age1  height Fragment  
Code (yrs) Coordinates (mASL) size (ha) Land use history 
C1H 5 25°15'13''S 40 9.3 used as pasture; 4 yrs manioc plantation; seeding of 
   48°40'34''W     Brachiaria sp. (exotic grass) 
C2H 5 25°18'20''S 70 0.6 
used as pasture (for ~ 30yrs); cutting of grass 2-3 
times 
   48°40'58''W     a year to avoid tree growth 
C3H 5 25°19'0.3''S 30 59 used as pasture (for ~ 20yrs); appl. of Round-up  
   48°40'14''W     directly after slush and burn 
I1H 6-7 25°18'49''S 13 2.7 used as pasture (for ~ 50yrs); wood was used for 
   48°27'10''W     charcoal production 
I2H 6-7 25°14'48''S 46 40 pasture (cattle, 40yrs); orange plantation (10yrs); 
   48°31'27''W     pasture (buffalo, cattle, sheep, 15yrs) 
I3H 6-7 25°14'16''S 8 1.9 banana-palm plantation (~15yrs); pasture for buffalos 
   48°29'52''W     (~10yrs); Brachiaria were seeded 
      
C1A 10-12 25°15'22''S 40 2.5 
used as pasture (for ~ 10yrs); cutting of grass 2-3 
times 
   48°40'14''W     /yr; seeding of Brachiaria sp. 
C2A 10-12 25°17'26''S 90 0.8 deforestation for charcoal production (~40 yrs ago); 
   48°39'21''W     buffalo pasture (~30 yrs); Brachiaria sp. 
C3A 10-12 25°18'12''S 150 10.8 deforestation for charcoal production (~40 yr ago); 
   48°39'33''W     buffalo pasture (~25 yrs); seeding of Brachiaria sp. 
I2A 10-15 25°15'03''S 36 7 felling 60 yrs ago; pasture (cattle); coffee (~15 yrs),   
   48°31'15''W     fertilizer; banana plantation; pasture (buffalo, 10 yrs) 
I3A 10-15 25°15'44''S 20 9 logging of wood (~50 yrs ago); used as pasture 
   48°29'15''W     (for ~ 30yrs); extraction of palmito 
      
C1M 30-55 25°15'11''S 60 75 selective logging (palmito, some wood species); 
   48°40'22''W     pasture 
C2M 30-55 25°18'03''S 120 >5000 selective logging (palmito, some wood species); 
   48°40'17''W     pasture 
C3M 30-55 25°19'41''S 120 211 slash and burn; logging of palmito and other trees; 
   48°40'36''W     no pasture; possibly older than 50 yrs 
I1M 30-55 25°18'32''S 28 40 used as pasture (for ~ 20yrs); wood was used for  
   48°27'02''W     charcoal production; "younger site" 
I2M 30-55 25°14'46''S 27 51 ~ 30 yrs old; banana plantation; data arguable 
   48°30'19''W    
I3M 30-55 25°14'51''S 8 >5000 slush and burn ~ 100 yrs ago; rice, corn and manioc 
   48°29'31''W     plantation; no pasture; ~ 55 yrs old 
      
C1F > 100 25°15'11''S 140 >5000 logging of wood and palmito 
   48°40'22''W    
C2F > 100 25°18'04''S 260 >5000 logging of wood and palmito 
   48°39'13''W    
C3F > 100 25°19'27''S 90 130 logging of wood and palmito 
   48°39'18''W    
I1F > 100 25°14'38''S 93 >5000 logging of wood and palmito 
   48°27'54''W    
I2F > 100 25°15'29''S 31 >5000 logging of wood and palmito 
   48°30'33''W    
I3F > 100 25°16'24''S 20 >5000 logging of wood and palmito 
      48°29'14''W    
                                                 
1
 Age after abandonment 
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Figure 2.9: Characteristic photos for the replicate sites of old-growth forest in the Rio do Cachoeira reserve: site 1 (C1F 
[A]), site 2(C2F [B]), site 3 (C3F [C]) and the Serra do Itaqui reserve: site 1 (I1F [D]), site 2(I2F [E]), site 3 (I3F [F]). 
 
 
 
2.2.2 Agroforestry sites 
The agroforestry sites are located in the small 
settlement Rio Pequeno, which is situated adja-
cent to the Rio do Cachoeira nature reserve. All 
sites are in private hands and are located in the 
direct vicinity to the living areas of the cultivat-
ing farmers. All agroforestry sites were in-
stalled in extensively cultivated small-scale 
plantations, which have at least the size of the 
study plot (30 x 50 m). The soil type of the 
study sites was not determined explicitly, but 
most probably belongs to either cambisol or 
gleysol.  
Two different, in this region common, agrofor-
estry systems were investigated: 
A 
 
B 
 
C 
 
D 
 
E 
 
F 
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1) banana monoculture  (Musa paradisiaca, 
Musaceae) and 
2) shade banana-palm plantation (Musa 
paradisiaca/ Musa sapientum, Musaceae; 
Euterpe edulis, Arecaceae) 
 
Banana monoculture  
Three study sites in small-scale banana mono-
cultures were established (Figure 2.10). Site 1 
(B1) and 2 (B2) are characterized by an open 
canopy, no other trees or larger shrubs within 
the plantation and a more or less dense under 
story dominated by grass. At the sites B1 and 
B2 the banana species Musa paradisiaca were 
cultivated. Site B3 also showed an open canopy 
and no other trees or large shrubs within; but, 
differed in the cultivated banana species (Musa 
sapientum). The soil under the banana trees of 
site B3 was worked to cultivate wild cabbage 
and manioc. Therefore, the density of bananas 
was much lower than that of the other two sites. 
 
Shade banana-palm plantation  
Three study sites in small-scale shade banana-
palm plantations were established (Figure 
2.11). The shade banana-palm plantations are 
composed of planted bananas and euterp palms 
(Euterpe edulis) of different age and growth 
stage as well as single, not specifically planted, 
pioneer and larger trees which do not fit for 
agricultural use. Together they form an almost 
forest-like habitat, which is necessary for the 
growth of Euterpe edulis and produce a certain 
amount of leaf litter. Nonetheless, all sites still 
feature a pronounced understory (e.g., Impa-
tiens walleriana). I observed several barnyard 
fowls foraging on sites BP 1 and 2. On site BP 
3 no barnyard fowl was observed; but, a similar 
impact of barnyard fowl foraging can be ex-
pected as the site was not fenced and in direct 
vicinity of the cultivating farmer, who pos-
sessed a certain amount of these fowls. The 
plantations were cultivated by regularly har-
vesting banana and by irregularly to rarely (due 
to difficulties in getting a required licence) fell-
ing of proper euterp palms to harvest the heart 
of palm. Palms which were felt have to be re-
placed by new seedlings as Euterpe edulis can-
not live on when removing the apical meristem 
(= heart of palm). 
 
 
 
 
 
 
 
 
 
Figure 2.10: Characteristic photos of the three banana plantations B1 (A), B2 (B) and B3 (C). Sites are situated in Rio 
Pequeno, Paraná, Brazil. 
A B 
C 
A B C 
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Figure 2.11: Characteristic photos of the three sampled shade banana-palm plantations BP1 (A), BP2 (B) and BP3 (C) 
in Rio Pequeno, Paraná, Brazil.  
 
 
2.3 Sampling methods 
 
2.3.1 Beetle sampling 
I used two different methods for beetle sam-
pling: 
(1) For comparison of forest stages and agro-
forestry sites, beetles were extracted from sifted 
forest floor leaf litter in each study site. Leaf 
litter of one square meter (1-m
2
) was sampled 
every 5 m along two parallel 50 m transects 
(separated by 20 m). These were installed at 
least 50 m from the forest edge to exclude edge 
effects. Because of the small sizes of the planta-
tions it was in general not possible to comply 
with 50 m distance to the plantation edge on 
agroforestry sites. The entire leaf litter of 1-m
2
 
forest floor, including little twigs and partly 
decomposed organic material, was sifted in 
several portions through a ten mm mesh by 
intensively shaking a bag-sieve for approxi-
mately one minute for each portion. After sift-
ing, samples were transferred into a bag for 
transportation. Samples were extracted using 
the Winkler technique (Besuchet et al. 1987). 
The Winkler bags were suspended for 3 days, 
which could be shown suitable for a compara-
tive leaf litter beetle survey (Krell et al. 2005). 
No further hand sorting was performed. To 
avoid great differences in moisture content of 
the sampled leaf litter, I only collected on dry 
days when there had been no rain the previous 
day. Beetles sampled with this method were 
used for all investigations conducted in this 
study (Chapter 3-5). The beetles were stored in 
70 % ethanol until mounting for identification.  
(2) Additionally, beetles were sampled with pit-
fall traps to investigate the beetle fauna sam-
pled with this method and to explore the sea-
sonal variation in beetle activity (Chapter 5). 
Therefore, five traps were placed every 10 m 
along two 50 m transects in one old-growth 
forest plot (C3F) in the Rio do Cachoeira re-
serve. Traps were set up for one week per 
month from March 2007 until August 2008, 
making a total of 2856 sampling hours. Each 
trap consisted of a plastic cup of 9 cm diameter, 
C 
A B C 
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sunk flush with ground level. A plastic plate of 
25 cm diameter was positioned approximately 5 
cm above the traps to avoid inflow of rain wa-
ter. Traps were filled with 2 % formalin solu-
tion. The beetles were stored in 70 % ethanol 
until mounting for identification.  
 
 
2.3.2 Beetle identification 
Beetles were identified to family level using 
keys from Lawrence et al. (1999). Nine beetle 
families (Carabidae, Curculionidae [except for 
Scolytinae], Staphylinidae, Leiodidae, Endo-
mychidae, Hydrophilidae, Cerylonidae, Eu-
cinetidae and Tenebrionidae) were further 
sorted on the basis of external morphology into 
morphospecies (Hammond 1994, Oliver and 
Beatty 1996, Barrat et al. 2003) or species as 
far as possible (Appendix A.1). In the following 
I refer to morphospecies as species.  
I chose these beetle families due to the follow-
ing reasons:  
(1) Staphylinidae, Curculionidae and Carabidae 
were chosen because of; (a) their high counts of 
individuals in the samples, which suggested 
high species numbers, (b) their expected high 
indicator potential revealed in other studies 
(e.g., Bohac 1999, Rainio and Niemelä 2003). 
(2) The less abundant families were chosen 
because of; (a) an adequate certainty of deter-
mination, due to large morphological variety 
(Tenebrionidae, Leiodidae) or moderate species 
numbers (Endomychidae, Eucinetidae, Cerylo-
nidae), and (b) their presence in almost every 
investigated forest stage, which enabled a de-
tection of species shift during secondary suc-
cession within beetle families (Hydrophilidae, 
Tenebrionidae). Additionally, the possibility to 
cooperate with specialists in some beetle fami-
lies influenced the selection.  
Keys to the found morphospecies were partially 
prepared to enhance the reliability of sorting; 
but, without demand of an authentic scientific 
species determination (Appendix A.3). The 
following identification keys and taxonomists 
were involved in the morphospecies determina-
tion of the chosen families:  
 
Staphylinidae  
Paederinae, Tachyporinae, Euaesthetinae, 
Scaphidiinae, Osoriinae, Steninae, Piestinae, 
Oxytelinae, Megalopsidiinae and Staphylininae 
were sorted to genus level using the identifica-
tion key “Illustrated guide to the genera of 
Staphylinidae (Coleoptera) of Mexico” (Navar-
rete-Heredia et al. 2002).  
Genus separation and morphospecies sorting 
were checked and revised, if necessary, by Ul-
rich Irmler (University of Kiel; in particular, 
the genera Nacaeus, Tannea, Holotrochus, 
Osorius, Osoriella, Thoracophorus), Volker 
Puthz (Schlitz; subfamily Steninae), Edilson 
Caron and Angelico F. Asenjo Flores (Univer-
sity of Curitiba; Staphylinidae in general). Pse-
laphinae were determined with the help of 
Volker Brachat (Geretsried). Because of a high 
degree of sexual dimorphism of Brachyglutini 
(Pselaphinae), which hamper a reliable assign-
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ment of females to males, only males were 
sorted to species level. Males feature character-
istic head modifications, which allowed a 
proper morphospecies separation. Due to a 
great level of uncertainty, Jubiinae were not 
further separated and were not integrated in 
analyses of this study.  
 
Curculionidae  
The Curculionidae were sorted to genus level 
and to species level, if possible, using the key 
of Alonso-Zarazaga and Lyal (1999) and the 
checklists of Wibmer and O’Brien (1986, 
1989). The determination of the morphospecies 
was performed using a distinct set of character-
istics (Figure 2.12). The determination were 
checked and revised by Alexander Riedel (Mu-
seum of National History Karlsruhe) and Ger-
mano Rosado-Neto (University Curitiba).  
Scolytinae were not determined and not in-
cluded in this study.  
 
Carabidae  
Carabidae were sorted to genus level using keys 
to the genera of neotropical Carabidae (Reichardt 
1977), a synopsis of the genera and checklist of 
Caraboidea of the West Indian species (Erwin 
and Sims 1984), keys to tribe and genera of 
Costa Rican Carabidae (Erwin et al. 2004) and 
findings from Peru (Erwin 1991). Further spe-
cies determination was performed using keys to 
Xystosomina (Erwin 1994) and Pterostichini 
(Straneo 1979). Morphospecies determination 
was checked by Martin Baehr (Bavarian State 
Collection of Zoology, Munich) and partly by 
Terry Erwin (Smithsonian Institution, Washing-
ton). Species of Oxydrepanus were excluded, 
due to uncertainties in the determination of 
morphospecies.  
 
Leiodidae  
The leiodids were sorted to genera using keys 
to the Leiodidae of Costa Rica (Peck and New-
ton 2009) and the leiodids beetles of Mexico, 
the West Indies and central and South America 
(Peck et al. 1998). Morphospecies were sepa-
rated by the author using exoskeletal character-
istics (Figure 2.12).   
 
Hydrophilidae  
Hydrophilidae were determined to genus level 
using the key of Hansen (1991). Morphospecies 
were determined by the author. Morphospecies 
separation and genus determination were 
checked and revised by Martin Fikacek (Mu-
seum of National History Prague). 
 
Cerylonidae 
As I could not find any identification key to 
Neotropical Cerylonidae, I sorted the cerylo-
nids to genus level using a key to the North 
American Cerylonidae published by Lawrence 
and Stephan (1975).   
 
Eucinetidae  
Only one eucinetids species could be found and 
was determined to the genus Jentozkus (Vit 
1977, Young 2000) using keys from Lawrence 
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et al. (1999). As only one species of this genus 
yet has been described worldwide (Jentozkus 
plaumanni) and this species were found close to 
the study area, the morphotype will most 
probably be this species. However, a prepara-
tion of the aedagus to verify this assumption 
was not performed.   
 
Endomychidae  
The two determined morphospecies were fur-
ther sorted using a key to South American Eup-
silobiinae (Pakaluk and Slipinski 1990). 
 
Tenebrionidae  
The found dark beetles were separated and de-
termined to morphospecies by the author using 
exoskeletal characteristics (Figure 2.12). The 
morphospecies sorting were checked and re-
vised by Roland Grimm (Tübingen).  
For the study focusing on the temporal variabil-
ity of beetle occurrences (Chapter 5), all beetle 
specimens sampled with pitfall traps were 
sorted to morphospecies (except for Scydmae-
nidae, Chrysomelidae and Jubiinae [Pselaphi-
nae, Staphylinidae]). The Scarabaeidae were 
identified by Pascoal Grossi (University of Cu-
ritiba). The Scolytinae were sorted to mor-
phospecies or species respectively by Bjarte 
Jordal (University Bergen). The morphospecies 
will be referred to as species in the following. 
Voucher specimens of all species were depos-
ited in the entomological collection Pe. Jesus 
Santiago Moure of the Department of Zoology 
at the University of Curitiba (UFPR) in Curitiba 
as well as Palotina (Staphylinidae). Addition-
ally, the specimens were photographed and 
integrated in the online database TAXonline 
(www.taxonline.com.br). 
 
 
 
Figure 2.12:  External morphological characteristics used to determine morphotypes of Curculionidae (photo), Leiodi-
dae and Tenebrionidae.  
1. Body form/ body size relation 
(length to width) 
 
2. Form of pronotum (a) and elytra (b) 
(punctuation, chagrination, rows…) 
 
3. Form of antennal club (c) 
 
4. Form, color and alignment of hairs 
(d) and scales on head, pronotum 
and elytra 
 
5. Color of head, pronotum and elytra 
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2.3.3 Environmental variables  
Eight different measures of environmental 
variation between sites were taken in each rep-
licate of all forest sites (Stages 1 – 4) installed 
in Cachoeira reserve and Itaqui reserve. They 
can broadly be differentiated in variables de-
scribing: (1) Microclimate (ground-level air 
temperature and humidity), (2) Soil character-
istics (pH and bulk density), (3) Litter charac-
teristics (litter volume and C/N-ratio of litter), 
and (4) Vegetation structure (canopy closure 
and tree diversity). 
Additionally, I measured the minimal distance 
of each secondary forest site to old-growth for-
est as well as the size of each forest patch, of a 
distinct successional stage, in which a study site 
was installed.  
The following variables were chosen, because I 
assumed these variables to be affected by pre-
vious land use practises and the regeneration 
process and because of their documented influ-
ence in arthropod establishment and distribu-
tion (see Chapter 4). 
 
Microclimate 
From mid-October 2007 to mid-August 2008 
ground-level air temperature and humidity 
within the leaf litter layer were continuously 
recorded by hourly readings using Watchdog 
data logger (Spectrum Inc, USA). In doing so, 
this data characterizes all-season whole-time 
gradients, by covering the hot rainy season 
from December to March and the much dryer 
season from May to August as well as mea-
surements during day and night-time. One log-
ger measuring air temperature and one logger 
measuring air temperature and humidity were 
placed at each site.  
Ground-level air temperatures (K) are ex-
pressed as mean temperature sum (meanIS). For 
calculation, the temperature curve for each site 
was separately integrated for every month 
(formula 1). Data was sporadically missing, 
because of time consuming collection und read 
out of the data logger, which was necessary 
every 3-5 months and errors in recording, due 
to logger malfunction or loss. No data exist for 
the sites C2A (Stage 2) and C3F (Stage 4) in 
Cachoeira and I1A (Stage 2) in Itaqui, because 
of a complete malfunction of the deposited data 
logger.  
To assure the comparability between the differ-
ent sites, I divided the integral sum by the 
number of measured data per site (m; formula 
2). The mean monthly temperatures were con-
verted in Kelvin (K) and summed among all 
months. 
 
 
 
Ground-level air humidity (expressed as per-
centage water saturation in air) is operationa-
lized by calculating the mean of the monthly 
mean values. Due to missing and malfunction-
ing data logger no data were calculated for the 
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sites C1A (Stage 2) and C3F (Stage 4) in Ca-
choeira as well as I2A and I3A (both Stage 2) 
in Itaqui.    
 
Soil characteristics 
Bulk density and pH value were measured 
during 2004 in Cachoeira reserve and 2007 in 
Itaqui reserve in order to characterize site spe-
cific soil conditions.  
To reduce sampling error, five mixed soil sam-
ples were taken in the form of a cross scheme, 
at each angle and in the middle, from each site 
studied. Mixed soil samples were obtained by 
combining several equivalent amounts of soil to 
a depth of 10 cm, which were taken in the di-
rect vicinity of each other. The samples were 
measured in the analytical lab of the University 
of Paraná (UFPR), Department of Agriculture. 
The samples were sieved (2 mm sieve) and air-
dried. Ten grams of each soil sample were 
mixed with 25 ml deionized water. I used water 
instead of CaCl2 solution for the measurement 
of pH, because it better reflects the real in-situ 
conditions for close to soil living organisms, 
such as epigaeic beetles. After 2 h reaction 
time, I measured the pH value using a pH ana-
lyzer (inoLab
®
 pH 720, WTW, Germany).  
Bulk density is defined as the dry mass of soil 
particles divided by the total volume they occu-
py. The total volume includes particle volume, 
interparticle void volume and internal pore vo-
lume. The bulk density of soil depends greatly 
on the mineral make up of soil and the degree 
of compaction. It displays alterations in the soil 
structure, due to agricultural usage, root growth 
or soil floral and faunal activity. To measure 
bulk density soil cores were taken using steel 
cylinder with a volume of exactly 100 cm
3
. 
Different sample schemes were conducted in 
Cachoeira reserve and Itaqui reserve: In Ca-
choeira, five soil cores were taken each site 
studied in form of a cross scheme (at each angle 
and in the middle of the sites) in November 
2003. In Itaqui, 20 soil cores were taken in Au-
gust 2007, in direct vicinity to the sampling 
quadrates used for beetle sampling. All samples 
were measured in the analytical lab of the Uni-
versity of Paraná (UFPR), Department of Agri-
culture. The samples were weighted, dried for 
72 hours at 105 °C and weighted again. A mean 
value of each site was calculated for subsequent 
analyses.  
 
Litter structure  
The leaf litter stock volume was recorded as a 
measure for quantity of habitable substrate. I 
decided to measure litter volume, instead of 
alternative parameters such as litter mass or 
litter depth (measured in-situ), as it is: (1) less 
biased by previous rain events and (2) more 
practical in a local scenario, where achieving 
study sites is time consuming and no analytical 
laboratory nearby. The leaf litter sieved for 
beetle sampling was used to measure litter vo-
lume. Leaf litter stock volume was measured by 
filling the coarse leaf litter in a graduated 
bucket, slightly compressing the foliage using a 
standard weight, and measuring the depth of the 
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litter. However, I regard coarse litter volume as 
total litter volume, because it was shown in 
some test measurements that the comparable 
low amount of fine litter deposit in the inter-
spaces of the coarse material did not affect 
overall litter stock volume.  
C/ ratio of the leaf litter was measured in 
sample sites of Itaqui reserve. The fine leaf- 
litter, which was gained by sifting forest litter 
to extract beetles, was used for the measure-
ment. Soil particles were carefully separated 
from organic material. Six randomly selected 
samples were analyzed per site to reduce sam-
pling error. Approximately 3 g leaf-litter of 
each sample was refined to powder using a ball 
mill. The C/N-ratio of every refined sample 
was measured three times using a VarioL C/N 
analyzer. The mean value of these three mea-
surements was taken as the C/N-ratio of a sam-
ple. The C/N-ratio for a site was calculated by 
taken the mean value of the six measurements 
per site. The ratio of carbon to nitrogen in the 
habitable substrate was measured to estimate 
the quality of food resources, which could di-
rectly affect decomposer species or indirectly 
predators by affecting their prey.     
 
Vegetation structure 
At each site, ten 100-m
2
 quadrates were sam-
pled for tree species richness (executed by 
Stefan Meyer and Gustavo Pacheco dos Santos 
for sites of Itaqui reserve and Kelly Gerronazzo 
for sites of Cachoeira reserve; see Meyer 2009 
for detailed description of the methodology). 
All trees with a diameter at breast height (dbh) 
greater than or equal to 4.8 cm were tagged, 
counted and determined. For sites in Cachoeira, 
where more than 1000 m
2 
(C13M, C12F) or 
less than 1000 m
2
 were examined (C13H), I 
estimated the tree richness for 1000 m
2
 by us-
ing simple rarefaction or extrapolation (Jack-
knife 1 species richness estimator), respectively 
(Gotelli and Colwell 2001). Tree species rich-
ness was measured as forest regeneration prin-
cipally is accompanied with an increase of tree 
biomass and diversity and because tree diversi-
ty can substantially alter the structure of leaf 
litter.  
Canopy openness, defined as the percentage of 
open sky seen from beneath the forest canopy, 
was measured by taking hemispherical canopy 
photographs using a Nikon Coolpix 990 camera 
with a FC-E8 fish-eye lens converter. Camera 
settings were standardized as follows: Fisheye 
mode, fine image quality (resolution: 2048 x 
1536 pixel), shutter speed = 1/125 s, automatic 
aperture, white balance = cloudy.  
Ten measurements were taken at each site con-
ducted from Stefan Meyer (Itaqui, Cachoeira) 
and Jochen Bihn (Cachoeira). The camera was 
mounted at a height of 1 m above ground level 
and was oriented to magnetic north using a 
compass. To avoid direct solar radiation the 
photos were taken under overcastted sky condi-
tions. Percentage canopy openness was calcu-
lated by dividing the number of white pixels in 
each binary image divided by the number of 
pixels in the area of the lens. Calculation of 
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canopy openness was realized by using the 
software Gap Light Analyzer (GLA, version 
2.0, Frazer 1999). Canopy openness was meas-
ured because numerous studies showed that 
canopy openness can influence insects in forest 
ecosystems by, for example, affecting leaf pro-
duction or microclimate (Basset et al. 2001).  
 
 
Spatial position and fragment size  
I measured the minimal linear distance from 
each study site to old-growth forests. This 
was done in a GIS environment using satellite 
photos blended with vegetation data provided 
by the SPVS. Seen as reference stage to secon-
dary forest, I hypothesize old-growth forests as 
the major source of mature forest species. Thus, 
the distance to this source may be an important 
factor for the occurrence of beetle species in 
secondary forest sites.  
 
 
Table 2.3: Classification of study sites according to 
distance to old-growth forest and fragment size. 
Distance to old growth-forest Distance class 
1-10 m 1 
10-100 m 2 
100-1000 m 3 
> 1000 m 4 
    
Fragment size Fragment class 
< 1 ha 1 
1-10 ha 2 
10-100 ha 3 
100-1000 ha 4 
> 1000 ha 5 
Because of uncertainties about the absolute 
exactness of the used vegetation shapes I calcu-
lated for subsequent analyses beside the real 
distance in meters also distance classes (1-4) on 
the basis of a classification on a logarithmic 
scale (Table 2.3). Using the same available data 
in a GIS environment I measured the size of 
each forest fragment (representing a distinct 
forest stage), in which a study site was in-
stalled. Accordingly to distance to old-growth 
forest, I measured fragment size as real size in 
hectares and as class (1-5) on the basis of a 
classification on a logarithmic scale (Table 
2.3).   
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              CHAPTER 3 
Mangroves in the Guaraqueçaba bay in front of the 
Serra do Itaqui reserve 
 
 
 
 
 
ABSTRACT 
In times of vanishing mature tropical forests, secondary forests and agroforests 
gain importance for the conservation of mature tropical forest species. I investi-
gated the recovery of litter inhabiting beetles during natural forest regeneration 
and evaluated the potential of secondary forests and agroforests to act as refuge 
for forest species.   
Secondary forests ranging in age from 5 to 50 years as well as small-scale banana 
monocultures and shade banana-palm plantations were included. Beetles were 
sifted from leaf litter and extracted using the Winkler technique.  
Results reveal very low species density and a significantly different and hetero-
geneous species composition of young secondary forests compared to old-growth 
forests. During forest regeneration, species density greatly increased, and the 
species composition of older secondary forests was similar to that of old-growth 
forests. Chronosequences in adjacent reserves showed a similar recovery pattern.  
Shade banana-palm plantations and small-scale banana monocultures showed 
comparable low species density than young secondary forests. Most species oc-
curred exclusively in old secondary forests and old-growth forests and were dedi-
cated as mature forest species. Only a few species solely occurred in younger 
forest stages and may be denoted as pioneer species. Likewise, I found very few 
species in agroforests, which belong to the dedicated mature forest species.  
These results suggest that young secondary forests of up to 15 years and agro-
forests, although embedded in a forest dominated matrix, are of limited value for 
the conservation of most old-growth forest inhabiting leaf litter beetle species. 
However, older secondary forests of about 35-50 years after abandonment pro-
vide a suitable habitat for many old-growth forest species and may play an im-
portant role for the conservation of tropical insect communities. 
 
    Mangroves in the Guaraqueçaba bay 
DO SECODARY FORESTS AD AGROFORESTS ACT AS REFUGES 
FOR FOREST SPECIES?  
Recovery of Litter inhabiting Beetles during Tropical Forest Regeneration  
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3.1 Introduction 
The rapid loss of biodiversity is a well known 
but still unsolved environmental problem (Cha-
pin et al. 2000), which negatively affects hu-
man wellbeing (Diaz et al. 2006). A major 
threat to global biodiversity is the ongoing de-
struction of mature tropical forests (Myers 
1988, Dirzo and Raven 2003). Although future 
deforestation rates and their consequence for 
species extinction is still scientifically debated 
(Wright and Muller-Landau 2006a-b, Brook et 
al. 2006, Gardner et al. 2007a, Laurance 2007), 
it is widely agreed that the proportion of secon-
dary forests to total forest area will further in-
crease (Perz and Skole 2003, Aide and Grau 
2004, FAO 2009) or regionally be all that even 
remains (Casteletta et al. 2000). This trend ne-
cessitates evaluating the potential of secondary 
forests to act as refuges for forest species 
(Lawton et al. 1998, Wright 2005, Bihn et al. 
2008).  
Studies about the regeneration of forest vegeta-
tion, after human disturbance, found in general 
a high recovery potential in tropical forests 
(Aide et al. 2000, Guariguata and Ostertag 
2001). Even so, studies point out (1) the impor-
tance of nearby mature forests as seed sources 
and low land-use intensity before abandonment 
(Aide et al. 2000, Martin et al. 2004) and (2) 
long time spans for the regeneration of floral 
composition and the recolonization of endemic 
species (DeWalt et al. 2003, Liebsch et al. 
2008). Data about the recovery of faunal as-
semblages during forest regrowth is still sparse 
and confined to a few popular faunal groups, 
such as birds or ants (e.g. Dunn 2004, Sodhi et 
al. 2005, Silva et al. 2007, Bihn et al. 2008). 
The prediction of changes in species richness 
among faunal groups using indicator taxa often 
failed (Prendergast 1997, Lawton et al. 1998, 
Wolters et al. 2006, Barlow et al. 2007a); there-
fore, it is crucial to increase the database of 
faunal inventories and their response pattern to 
habitat change (Schulze et al. 2004). This is 
especially true for tropical insect communities 
of highly specific microhabitats, such as leaf 
litter (Lewinsohn et al. 2005).  
Besides the growing interest of protected, or at 
least unmanaged secondary forests for the 
maintenance of regional biodiversity, the grow-
ing recognition of long-term human involve-
ment in forest dynamics and the present frag-
mented nature of most tropical ecosystems, 
necessitate conservation strategies outside pro-
tected areas (Bhagwat et al. 2008). These 
strategies should generate positive co-benefits 
for production, biodiversity and the local inha-
bitants (Scherr and McNeely 2008). Exten-
sively cultivated small-scale agroforestry sys-
tems could be such habitats; but, their potential 
to act as refuges for forest species has to be 
verified for many taxa. Nevertheless, in a recent 
review about biodiversity in tropical small-
scale agroforests, Scales and Marsden (2008) 
highlighted that most studies found lower spe-
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cies richness in agroforests rather than in adja-
cent forests, accompanied with a high degree of 
species turnover. Restricted range and rare spe-
cies tended to decline most. However, they 
point out that the great variety of agroforestry 
systems and differences in species responses 
complicate the evaluation of whether these sys-
tems can contribute to the conservation of for-
est species and that further work on a local 
level is required.  
Most surveys focusing on biodiversity of agro-
forests in the Brazilian Atlantic forest biome 
were done in shade cacao plantations, called 
cabrucas. Rolim and Chiarello (2004) found in 
these cabrucas much lower species richness of 
forest trees compared to less disturbed forests 
and a dominance of pioneers. Sambuichi and 
Haridasan (2007) point out that, although 
cabrucas present a high capacity for the regen-
eration of tree species, exotic tree species re-
place native trees over a period of time due to 
management practices and local preferences. 
The few studies focusing on animal diversity in 
these cabrucas found high numbers of forest 
species of frogs, lizards, bats, birds (Faria et al. 
2007) and ants (Delabie et al. 2007) and high-
lighted that animal diversity increase with plant 
diversity, canopy complexity and a surrounding 
landscape with high forest cover (Faria et al. 
2007, Schroth and Harvey 2007). In contrast to 
many other rural landscapes in the tropics, 
which are in focus of conservation efforts due 
to high human exploitation and unsustainable 
land management, the coastal region of Paraná 
state in Southern Brazil is still a forest domi-
nated landscape. The region is already under 
different forms of protection and large-scale 
agriculture and agroforestry is rare. Neverthe-
less, the region was intensively modified over 
several hundred years and most forest remnants 
are secondary forests rather than primary for-
ests. Given this history of high human exploita-
tion and the recent low degree of anthropogenic 
disturbance, the region can be seen as a model 
region to study the recovery of forest species in 
a natural landscape, which has already under-
gone various phases of habitat modification.  
 
In this study, I investigated the recovery pattern 
of litter inhabiting beetles during natural forest 
regeneration in the Southern Brazilian Atlantic 
Forest (Mata Atlântica) of Paraná state. Sample 
based analyzes and species based analyzes were 
conducted to evaluate species response to habi-
tat change, due to natural forest regrowth in 
protected reserves and extensively anthropo-
genic usage in form of agroforests. Based on 
these results, I evaluated the potential of secon-
dary forests and agroforests to act as refuges for 
forest species.  
Extensively cultivated small-scale banana 
monocultures and more forest-like shade ba-
nana-palm (Euterpe edulis) plantations are lo-
cally prevalent agroforestry systems and are 
also in focus of this study. To the best of my 
knowledge, no other comparable studies, focus-
ing on the recovery of litter inhabiting beetles 
during forest regrowth and the valuation of 
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such agroforestry systems for the conservation 
of these beetles, were conducted in the Brazili-
an Atlantic forest. Especially for extensively 
cultivated shade banana-palm plantations I 
could not find any study focusing on their po-
tential to harbor forest species. This is mainly 
due to their limited importance in other tropical 
landscapes; but, indicates the need of locally 
adjusted investigations. 
 
Specifically, I addressed the following ques-
tions: 
(1) Do secondary forests act as refuges for for-
est litter inhabiting beetle species?  
(2) Do chronosequences in adjacent reserves 
show the same recovery pattern?  
(3) Do extensively cultivated small-scale ba-
nana monocultures and mixed banana-palm 
plantations exhibit a comparable species 
density and composition to that of adjacent 
forests? 
 
 
 
 
3.2 Methods 
 
Study area and design 
The study was conducted in rainforests and 
agroforests of a rural landscape in the Serra do 
Mar coastal mountain range of Parana state, 
Southern Brazil (Figure 2.1, page 14). I used a 
chronosequence approach to investigate the 
recovery pattern of leaf litter beetles during 
forest regeneration. Each chronosequence com-
prises three stages of secondary forest as well 
as an old-growth forest as a reference (see 2.2, 
pages 17-23). Three replicate sites of each suc-
cessional stage setup were scattered over the 
reserve. Chronosequences were installed in two 
different reserves of approximately 40 km dis-
tance (Rio do Cachoeira [herein called Ca-
choeira], Serra do Itaqui [herein called Itaqui]; 
Figure 2.4, page 19), to verify local findings 
and evaluate their regional validity. Due to dif-
ficulties in finding forest patches of 10-15 years 
after abandonment (Stage 2) within the Itaqui 
reserve, only two replicate sites of this forest 
stage were installed. Sites in agroforests were 
installed in Rio Pequeno, a small settlement 
close to the Cachoeira reserve (see 2.2.2, pages 
25-27). Because secondary forests and agrofor-
ests in this study are embedded in a forest 
dominated landscape matrix, including mature 
forests, our results should be interpreted as a 
best-case scenario for forest related beetles.  
The beetle samplings were performed from 
June to July 2003 in Cachoeira reserve, in Sep-
tember 2006 at the agroforestry sites and from 
July to August 2007 in Itaqui reserve. Due to 
very similar climatic conditions throughout 
these months I did not suspect sample bias 
caused by seasonal differences of beetle occur-
rences. The beetles were sifted from leaf litter, 
as explained in 2.3 (pages 27-30). Twenty litter 
samples of 1-m
2
 were taken in every forest site. 
Sixteen samples were taken in each of the agro-
forestry sites (except for B1 with twenty sam-
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ples due to feasibility reasons). Nine litter in-
habiting beetle families (Carabidae, Curculi-
onidae [except for Scolytinae], Staphylinidae 
[except for Aleocharinae], Leiodidae, Endomy-
chidae, Hydrophilidae, Cerylonidae, Eucineti-
dae and Tenebrionidae), were further sorted to 
morphospecies (Hammond 1994, Oliver and 
Beatty 1996, Barrat et al. 2003) or species 
when possible. I refer to morphospecies as spe-
cies.  
For analyses of species density pattern, I also 
differentiated between predators (Staphylini-
dae, Carabidae) and decomposers (Curculioni-
dae, Leiodidae, Hydrophilidae, Endomychidae, 
Eucinetidae, Tenebrionidae and Cerylonidae). 
Since I lacked data on the feeding behaviour of 
focal species, I determined trophic groups using 
data listed in Lawrence et al. (1999) and in the 
literature cited in Hanagarth and Brändle 
(2001). Accordingly, the decomposer group 
includes fungivorous, phytophagous and sapro-
phagous species. 
 
Data analysis 
To evaluate the recovery of the litter inhabiting 
beetle fauna following natural regeneration, I 
examined the response of species density and 
richness as well as the response of single spe-
cies and their local coexistence (assemblage 
composition). 
Species density and richness 
To evaluate sample adequacy, species area 
curves were calculated for every forest stage (1-
4) at each location (Cachoeira, Itaqui) as well 
as the agroforests using the program EstimateS 
v.8 (Colwell 2006). Therefore, pseudo-
replicates (20 subsamples per site) and repli-
cates (subsamples of different sites) were 
equally treated as samples of a successional 
stage. Sample completeness was calculated by 
dividing observed species numbers per site 
through the estimated number of species.  
Species data of all subsamples per plot were 
pooled for comparisons of species diversity and 
species composition among forest stages and 
agroforests, because a separation of the sub-
samples would have resulted in catches too 
small for reliable analyses.  
Differences in species richness can arise be-
cause of differences in the number of sampled 
individuals. To compare species richness, one 
has to standardize the number of species of 
each site to the lowest common number of oc-
currences among all sites using the rarefaction 
method (Gotelli and Colwell 2001).  
However, rarefaction assumes that the number 
of occurrences of a species reflects the sam-
pling intensity. But, if some taxa are especially 
rare, for example due to unsuitable habitat con-
ditions, the number of occurrences will be re-
lated to the extremity of the number of individ-
uals of that species, not to the intensity of sam-
pling. I found very low species counts in sev-
eral sites accompanied with a high degree of 
singletons and doubletons, which I consider as 
a meaningful part of the response pattern. 
These differences would not be recognized 
adequately by comparing rarefied species rich-
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ness. Thus, I compared species density rather 
than species richness between all forest stages 
and agroforestry sites. Moreover, species den-
sity (number of species per unit area) was men-
tioned as probably of more interest than species 
richness for conservation purposes and applied 
problems that focus on large areas, because it 
measures the number of species within a speci-
fied area (see Gotelli and Colwell 2001). To 
compare the species densities of the different 
sites I standardized the observed species num-
bers by estimating total species numbers for 16 
m
2
 forest floor (as smallest common sample 
size) using the abundance based nonparametric 
estimator Jackknife 1 (EstimateS 8.0, Colwell 
2006) The Jackknife 1 richness estimator was 
chosen as it is a commonly used estimator 
which showed good results by sampling a small 
number of quadrates, even if assumed to unde-
restimate the actual number of species (Smith 
1984). Jackknife 1 only considers singletons for 
the estimation of total species numbers (Ap-
pendix A.4a). Due to the great amount of sin-
gletons and doubletons in some sites, assumed 
as response to unsuitable habitat conditions, an 
estimator which additionally considers double-
tons (e.g., Jack 2, Chao 2) would further over-
estimate total species numbers in these sites. 
Pattern in species density were analyzed con-
jointly for all beetle families and separately for 
Staphylinidae, Carabidae, Curculionidae and 
the remaining families using one way analysis 
of variance and Fisher’s LSD post-hoc tests 
(SPSS 17.0.2, Chicago, IL, USA). To evaluate 
the effect of location (Cachoeira, Itaqui) and 
successional stage (Stages 1-4, nested in loca-
tion) on species density, I conducted a two-way 
ANOVA using the software package SPSS 
(SPSS 17.0.2, Chicago, IL, USA). Additionally, 
pattern of species richness was compared be-
tween old-growth forests and old secondary 
forests, featuring high species counts, using 
sample based rarefaction curves (EstimateS 8.0, 
Colwell 2006). Rarefied species richness was 
compared using one-way ANOVA. The effect of 
successional stage and location on the number 
of rarefied species was analyzed using a two-
way ANOVA. Dominance-diversity (Whittaker) 
plots were calculated to compare the domin-
ance structure between the different forest stag-
es and agroforests. Additionally, I calculated 
relative evenness of abundance for every stage 
at each location and the agroforests.  
 
Assemblage composition 
Pattern of similarity in assemblage composition 
among forest stages and agroforests were ana-
lyzed using the multiresponse permutation pro-
cedure (MRPP) on the basis of Bray-Curtis dis-
tance measure and a weighting of groups by n/Σ 
(n). Pattern of similarity were visualized using 
nonmetric multidimensional scaling (NMDS) 
ordination based on square root transformed 
data to down weight abundant species and 
Bray-Curtis distance measure (PCOrd 5, 
McCune and Mefford 1999). I used a permuta-
tional multivariate analysis of variance (Per-
MANOVA; Anderson 2001) to examine the effect 
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of successional stage (Stages 1-4) and location 
(Cachoeira, Itaqui) on assemblage composition 
with 4999 permutations of residuals using a 
mixed model (replicates within successional 
stages nested within location) and Bray Curtis 
distances (PCOrd 5, McCune and Mefford 
1999). Because a PerMANOVA requires a bal-
anced design, but only two replicates of Stage 2 
in Itaqui are available for the analysis, I con-
ducted PerMANOVAs on the basis of 2 replicate 
sites per successional stage/ location combina-
tion. To avoid bias due to non-random site se-
lection, I accomplished eight analyses, with 
differing combinations of replicate sites used 
(except for Stage 2 in Itaqui, where only two 
sites existed, for combinations of replicate sites 
see Appendix A.4b). 
 
Species response to habitat change 
Species were analyzed according to their repre-
sentation across samples, in order to explore 
species responses to habitat change. The recog-
nition of ecological groups is an important step 
towards understanding how forest stage diver-
sity is constituted. Trends in species occur-
rences give hints about ecological groups 
dominating habitat types and helps in identifi-
cation of old-growth forest species, which 
seems to be able to use secondary forests or 
agroforests as alternative habitats. Cluster 
analyses of beetle species were based on 
Kulczynski similarity (for presence/absence 
data). The unweighted pair-group algorithm 
(UPGMA) was used to generate a dendrogram 
which gives a preliminary indication of species 
grouping. Binary data was used to not over-
weight heterogeneity due to differing abun-
dances. Species demonstrated a propensity to 
move within groups and differences in similari-
ty to each other when using different similarity 
measures, such as Dice, Jaccard or Kulczynski. 
However, they did not shift dramatically to 
align with different groups within the dendro-
gram. The Kulczynski coefficient was chosen 
as it presented a less heterogeneous alignment 
of species. Species represented with less than 
six individuals in the data set were excluded. 
This meant that of the original 300 beetle spe-
cies only 97 remained for the analysis.  
To choose the level of aggregation in the den-
drogram at which to stop the merging of the 
clusters, I screened the scree plot for markedly 
jumps. To compare similarities in simple occur-
rences (cluster analysis) with the abundance 
pattern, I prepared abundance distribution plots 
for species which clustered together.  
 
 
3.3 Results 
 
Beetle fauna 
I collected a total of 8844 beetles representing 
31 families from 480 m
2
 leaf litter of secondary 
and old-growth forests (Appendix A.1). Domi-
nant beetle families were staphylinids (52.5 % 
Cachoeira [C]; 54 % Itaqui [I] with 30-35 % 
Pselaphinae), carabids (10.4 % C; 13.6 % I), 
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curculionids (9.5 % C; 11.5 % I) and scydmae-
nids (9.2 % C; 11.1 % I) together representing 
86.7 % of total counts.  
Sixteen families were only represented as sin-
gletons or doubletons. 4887 specimens of nine 
beetle families, including 276 specimens from 
agroforestry sites, were determined to 296 spe-
cies. Most species rich families were 
staphylinids (172 species), curculionids (56) 
and carabids (29). 48 % of all species were sin-
gletons or doubletons. Most abundant species 
were Xystosomus tholus (Carabidae: Bembidii-
nae), Echiaster sp.1 (Staphylinidae: Paederi-
nae), Thinocharis sp.1 Staphylinidae: Paederi-
nae) and Thylodina MS 1 (Curculionidae: Cryp-
torhynchinae) together representing 30 % of all 
determined individuals (see Appendices A.1 
and A.2). Species accumulation curves for for-
est stages and agroforests did not reach their 
asymptotes (Figure 3.1). 
Species richness estimation shows a moderate 
level of sample completeness, which ranged 
between 52 % and 79 % (Table 3.2). 
 
 
 
 
 
 
Figure 3.1: Species area curves of different aged secondary forests (Stages 1-3), old-growth forest (Stage 4) and two 
agroforestry systems (small-scale banana monoculture [B]; shade banana-palm plantation [BP]), based on nine litter 
inhabiting beetle families. Chronosequences, installed in Cachoeira and Itaqui were separately analyzed. Pseudo-
replicates (sub samples per site) and replicates (sub samples of different sites) were equally treated as samples for each 
forest stage. 
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Species density and richness 
Estimated species density of the nine beetle 
families per site ranged from 14 (B1) to 92 
(Cachoeira: Stage 3) per 16 m
2
. Species density 
of litter inhabiting beetles significantly differed 
between successional stages at both locations 
(Cachoeira: p < 0.001; Itaqui: p = 0.001; n = 3; 
Figure 16a). Successional stage had a clear ef-
fect on species density (Table 3.1a). The recov-
ery pattern of species density was very similar 
at both locations: Species density of very young 
(Stage 1) and young secondary forests (Stage 2) 
showed no significant difference from each 
other, but; significantly lower species density 
than older forest stages. Species density of old 
secondary forest was not significantly different 
to old-growth forest in Cachoeira (p = 0.47, n = 
3) but different in Itaqui (p = 0.01, n = 3, Fig-
ure 16a). When analyzing all sites together old 
secondary forests also showed significantly less 
species density than old-growth forests (n = 6, 
p = 0.02). Predators (Figure 3.3b, c) and de-
composers (Figure 3.3d, e) showed similar pat-
terns. However, if analyzing the beetle families 
separately, only staphylinids showed significant 
differences between old secondary forests and 
old-growth forests (Figure 3.3b). The species-
abundance distributions differed markedly be-
tween the different successional stages (Figure 
3.2). Curves for younger secondary forests 
(Stage 1, 2) were markedly steeper and clearly 
revealed the reduced number of species which 
mainly occur in low abundances. Species–
abundance distributions of old secondary for-
ests and old-growth forests revealed more 
abundant species in Itaqui.  
 
 
 
Table 3.1: Results of a two-way ANOVA on the effect of location (Cachoeira, Itaqui) and successional Stage (1-4) on 
(A) species density of litter inhabiting beetles among all successional stages (Stages1-4; n = 3) and (B) species richness 
of litter inhabiting beetles of old secondary forests (Stage 3; n = 3) and old-growth forests (Stage 4; n = 3) in the Atlan-
tic forest of Southern Brazil. SS(type I): Sum of squares ; df: degree of freedom; MS: mean square (=  sum of squares 
divided by its degrees of freedom); F: F value is the ratio of mean square (source) to mean square (error); p: probability 
of source having no effect on species density of litter inhabiting beetles (level of significance: α = 0.05). 
Source of variation SS (type I) df MS F p 
(a) Species density           
Location 221.05 1 221.05 2.67  0.123 
Successional stage 12242.03 3 4080.68 49.35 <0.001 
Successional stage x Location 205.80 3 68.60 0.83 0.498 
Error 1240.45 15 82.69     
      
(b) Species richness      
Location 74.90 1 74.90 4.48 0.069 
Successional stage 54.87 1 54.87 3.28 0.105 
Successional stage x Location 18.40 1 18.40 1.10 0.325 
Error 133.70 8 16.71   
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However, curves of old secondary forests and 
old-growth forests at both reserves were very 
similar in shape (Figure 3.2).  
Species densities of shade banana-palm planta-
tions (BP) and banana monocultures (B) were 
similar to that of secondary forests of about 5 to 
15 years after abandonment (Figure 3.3a): Spe-
cies density was significantly lower than that of 
old secondary forests and old-growth forests 
(Figure 3.3a, Table 5). The species-abundance 
distribution of both agroforestry systems was 
comparable to curves of young forest stages 
between 5-15 years after abandonment (Figure 
3.2). However, shade banana-palm plantations 
showed generally higher species densities than 
banana monocultures (Figure 3.3a-e) and 
younger secondary forests (Stages 1 and 2; Fig-
ure 3.3b). Rarefaction curves revealed differ-
ences in species richness between the sites in 
Cachoeira and Itaqui (Figure 3.4). However, 
neither location (Cachoeira vs. Itaqui) nor suc-
cessional stage (old secondary forest vs. old-
growth forest) had a significant effect on rare-
fied species richness (Table 3.1b). Furthermore, 
rarefied species richness was not significantly 
different between old secondary forests and 
old-growth forests; neither in Cachoeira (n = 3, 
p = 0.55) nor in Itaqui (n = 3, p = 0.15). 
 
 
 
 
Figure 3.2: Dominance-diversity (Whittaker) plots for litter inhabiting beetles in different aged secondary forests, old-
growth forest and agroforests of the southern Brazilian Atlantic forest to visualize species abundance distribution in 
these different forest ecosystems. Species are ranked according to the number of individuals of each species and the 
total number of individuals of all species for each forest type. 
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Table 3.2: Species richness and abundance of leaf litter beetles along different aged forest stages (~5 years; 12-15 years; 35-50 years after abandonment and old-growth forest [ > 
100 years without anthropogenic influence]) and agroforests (B: banana monoculture; BP: shade banana-palm plantation) in the Atlantic forest of Southern Brazil. 
a
  Numbers represent different aged forest stages comprising secondary forests of ~ 5yr (stage1), 12-15yr (stage 2), 35-50yr (stage 3) and old-growth forest (stage 4); banana mono-
cultures  were marked with B and shade banana-palm plantations with BP. Mean number of families and mean abundance of families, including the families not further determined 
in this thesis, were not determined (n.d.) for agroforests. 
b
  Means were given for three replicate sites (n = 3). 20 Sub samples of each site were pooled. Values for agroforestry sites with only 16 sub-samples taken were extrapolated from 
species-area curves using best fitting regression analysis (except for B1 with 20 sub-samples). 
c
   Estimated species richness is mean value of four commonly used richness estimator (ACE, Chao1, Jackknife 1, Bootstrap) with 100 randomizations without replacement. 
 
 
 
 
Reserve Cachoeira Itaqui      Agroforests 
Succession stagea         1       2        3        4      1        2     3      4          B       BP 
Mean number of familiesb 9.0 ± 2.6 9.7 ± 1.2 14.3 ± 4.2 15.3 ± 2.1 7.3 ± 0.6 10.0 ± 1.4 13.7 ± 2.5 15.7 ± 1.5 n.d.  n.d.  
Mean abundance (families)b 60.3 ± 25.5  106.0 ± 64.1 348.0 ± 238.5 390.3 ± 107.9 90.3 ± 66.5 146.0 ± 107.5 838.0 ± 502.1 838.0 ± 502.1 n.d.  n.d.  
Mean number of speciesb 15 ± 3.5 17.3 ± 2.3 53.3 ± 12.1 55.3 ± 11.2 18.3 ± 6.0 22.5 ± 7.8 50.0 ± 14.1 65.3 ± 5.9 16.7 ± 7.6 22.7 ± 5.7 
Mean abundance (species)b  34.7 ± 21.1 32.3 ± 13.1 228.0 ± 173.9 224.3 ± 109.6 33.0 ± 16.1 55.5 ± 46.0 455.3 ± 237.3 500.3 ± 290.9 34.3 ± 31.8 57.7 ± 39.5 
Estimated species richnessc 64.9 ± 18.3 70.1 ± 18.9 132.1 ± 29.3 112.3 ± 9.9 76.1 ±12.1 53.1 ± 6.1 115.1 ± 6.9 144.6 ± 11.8     68.5 ± 8.6  103.5 ± 26.0  
Completeness (%) 52 54 61 73 60 70 81 77  64  56  
Equitability (J')  0.85 ± 0.15 0.92 ± 0.05 0.86 ± 0.04 0.87 ± 0.03 0.91 ± 0.05 0.92 ± 0.06 0.78 ± 0.02 0.84 ± 0.05  0.93 ± 0.07  0.84 ± 0.1  
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Figure 3.3: Patterns of species density of agroforests, secondary forests and old-growth forests in the coastal region of 
Paraná, Brazil. The mean estimated species density of two different agroforestry systems (small-scale banana monocul-
ture [B]; shade banana-palm plantation [BP]), different aged secondary forests (Stages 1–3) and old-growth forest 
(Stage 4) were compared for all species combined (A) and for only staphylinids (B), carabids (C), curculionids (D), and 
for less abundant beetle families belonging to the decomposer group (hydrophilids, tenebrionids, eucinetids, endomy-
chids, leiodids, cerylonids) in a joint plot (E). Stages, installed in Cachoeira () and Itaqui () were separately ana-
lyzed. Stages (n = 3) were tested among each other for statistical significance (LSD tests, p ≤ 0.05). Different letters 
indicate different means. 
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Figure 3.4: Sample based rarefaction curves for three old secondary forests (Stage 3) and three old-growth forests 
(Stage 4) in Itaqui and Cachoeira. 
 
 
 
 
 
Assemblage composition 
Species composition was significantly different 
among successional stages (MRPP; Cachoeira: p 
= 0.016; Itaqui: p = 0.012). Successional stage 
(but not Location) had a significant effect on 
assemblage composition (Table 3.3, 3.4 [same 
analysis as Table 3.3 but other combinations of 
study sites]), which indicates similar recovery 
pattern along forest stages in both reserves: 
Stage 1 and Stage 2 showed high heterogeneity 
(Figure 3.5). On stage level, assemblage com-
position of Stages 1 and 2 was not significantly 
different (MRPP; Cachoeira: p = 0.45; Itaqui: p 
= 0.11), but species composition of Stages 1 
and 2 differed significantly from Stage 3 and 
old-growth forest (stage 4) (MRPP; Cachoeira: p 
= 0.02 for all comparisons; Itaqui: p = 0.02 for 
Stage 1 and p = 0.04 for Stage 2). Assemblage 
composition of Stages 3 and 4 showed lower 
variability among sites and did not differ signif-
icantly from each other (Cachoeira: p = 0.92; 
Itaqui: p = 0.85, Figure 3.5). Pair-wise compar-
isons of corresponding stages at the different 
locations showed no significances (MRPP; 
Stage 1: p = 0.23; Stage 2: p = 0.09; Stage 3: p 
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= 0.32; Stage 4: p = 0.10). Furthermore, multi-
dimensional scaling ordination (NMDS) re-
vealed that sites from Cachoeira generally did 
not group separately to sites from Itaqui (Figure 
3.5). Sites in banana monocultures and shade 
banana-palm plantations showed a variable 
assemblage composition, which differed signif-
icantly to Stage 3 (MRPP; p = 0.02 for Cachoei-
ra and Itaqui) and old-growth forest (MRPP; p = 
0.02 for Cachoeira and Itaqui). Given these 
results, I suggest that old-growth forests are 
dominated by a regionally consistent set of ab-
undant species, which are already established 
after 35-50 years regeneration time; but, are 
generally not able to appear in more open habi-
tats, such as young forest types or agroforests. 
 
 
Species response to habitat change 
The cluster analysis showed an aggregation of 
species in different clusters (Figure 3.6). The 
scree blot showed no markedly jumps; but, in-
dicated remarkable steps of decreasing dissimi-
larity at 9, 13 and 15 clusters. Since the higher 
aggregation level (13, 15 clusters) only led to 
separation of single species within the same 
cluster and did not introduce new clusters, I 
took the nine clusters as final grouping.  
 
 
Table 3.3: Results of a mixed model nested PerMANOVA on the effect of Location (Cachoeira, Itaqui) and successional 
stage (Stages 1-4) on assemblage composition of litter inhabiting beetles in the Atlantic forest of Southern Brazil. Anal-
ysis based on two replicate sites for each location/successional stage combination. This analysis needs a balanced de-
sign but only two replicate sites for Stage 2 in Itaqui were available (for site combination see Appendix A.4b). SS(type 
I): Sum of squares ; df: degree of freedom; MS: mean square (=  sum of squares divided by its degrees of freedom); F: F 
value is the ratio of mean square (source) to mean square (error); p: probability of source having no effect on species 
density of litter inhabiting beetles (level of significance: α = 0.05). 
Source of variation SS (type I) df MS F p 
Location 0.53011 1 0.53011 1.0918 0.301 
Successional stage 2.9133 6 0.48554 1.8197 0.003 
Residual 2.1346 8 0.26683     
Total 5.5780 15       
 
 
Table 3.4: P-Values of mixed model nested PerMANOVA on the effect of location (Cachoeira, Itaqui) and successional 
stage (Stages 1-4) on assemblage composition of litter inhabiting beetles in the Atlantic forest of Southern Brazil. Two 
replicate sites of each location/successional stage combination were used for the analysis. The analyses differ in the 
combination of single sites used (except for Itaqui, because only two replicate sites of Stage 2 were established). The 
PerMANOVAs always indicate an effect of successional stage but no effect of location, independently of which replicate 
sites being used. Other combinations of study sites were used to verify the result of Table 5 (for combinations of repli-
cate sites see Appendix A.4b). 
Source of variation Analysis 2 Analysis 3 Analysis 4 Analysis 5 Analysis 6 Analysis 7 Analysis 8 
Location 0.311 0.253 0.517  0.512  0.449  0.395  0.436 
Successional stage 0.017 0.016 0.001 0.015 0.021 0.030 0.037 
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Figure 3.5: Nonmetric multidimensional Scaling (NMDS) ordination of litter inhabiting beetle assemblages, according 
to successional stage (Stages 1-4), location (Cachoeira, Itaqui) and forest type (forest, agroforest). Sites grouped closer 
together are more similar in species composition. 3D plot based on square root transformed abundance data and Bray-
Curtis distance (final stress of the solution: 0.12). Plot is presented in two different angles for better visualization. The 
three axes explained a comparable portion of total variation (Axis 1: 28 %; Axis 2: 31 %; Axis 3: 22.8 %). The ordina-
tion grouped old secondary forests (Stage 3) and old-growth forests (Stage 4) close together and distinct separately to 
younger secondary forest (Stages 1-2) and agroforests. 
 
 
 
 
Three clusters represented single species (Rhi-
nocepsis sp.1, Goniastes sp.2 [Pselaphinae, 
Staphylinidae] and Palaminus sp.1 [Paederinae, 
Staphylinidae]), which cannot be attributed to 
an ecological group and were not included in 
further comparisons. Three clusters (cluster 2, 3 
and 6) showed no meaningful similarities in 
abundance pattern and could not be defined as a 
distinct ecological group. In fact, they are mix-
tures of species with different abundance pat-
tern; however, they have the appearance of ei-
ther banana monocultures (Cluster 5) or shade 
banana-palm plantations (Cluster 2) in com-
mon. Worth mentioning is Tyrtaeus plaumanni 
(Diaperinae, Tenebrionidae), the only species 
of at least moderate abundance, which were 
exclusively found in agroforests (Cluster 5).  
Three clusters (1, 3 and 4) represented species 
with similar and interpretable abundance pat-
tern among forest stages and agroforests (Fig-
ure 3.7a, c, d). Cluster 1 contains 73 species 
and with this presents 75 % of all species ana-
lyzed (Figure 3.7a). The abundance pattern of 
these species is in general characterized by high 
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abundance in old secondary forests (Stage 3) 
and old-growth forests (Stage 4) and absence in 
younger forest stages (Stages 1 and 2; except 
for Tylodina MS 7 [Curculionidae], which also 
occurred abundant in one site of Stage 1 in Ca-
choeira (Figure 3.7a, open triangle) and agrofo-
rests (except for Goniastes sp.1 [Pselaphinae, 
Staphylinidae]). These species could broadly be 
defined as mature forest species. Cluster 2 con-
tains three species, which could be found in 
old-growth forests and shade banana-palm 
plantations; however, not in secondary forests 
(Figure 3.7b). Platydema sp.1 (Diaperini, Te-
nebrionidae) occurred in different old-growth 
forest sites of both locations and was less abun-
dant in agroforests.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6: Pair-grouped cluster analysis dendrogram and scree plot for litter inhabiting beetle species in different aged 
forest stages and agroforests in the coastal Atlantic forest of Parana state, Southern Brazil. Beetles were extracted from 
leaf litter using the Winkler technique. Only beetles represented by 6 or more individuals were included. Cluster analy-
sis was conducted using pair-grouped algorithm (UPGMA) and Kulczynski similarity. The nine differentiated clusters 
were marked with different colored bars. Distinct clusters, which contained more than two species, were numbered. 
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Therefore, this species seems to be an old-
growth species, which at least appears in agro-
forests. The two species Pelosoma sp.1 (Spae-
ridiini, Hydrophilidae) and Aglyptinus sp.1 
(Scotocryptini, Leiodidae) were only found in 
single old-growth forest sites in Cachoeira. 
Thus, it cannot be excluded that these species 
are rare species, which could also be found in 
secondary forests if expanding the sampling 
effort. 
 
 
 
Figure 3.7: Abundance pattern among different aged secondary forests (Stages 1-3), old-growth forest (Stage 4) and 
agroforests (B: banana monoculture; BP: shade banana-palm plantation) for litter inhabiting beetle species, which 
grouped together using a cluster analysis (Figure 3.6). Species abundance among all replicates was cumulated for each 
location-successional stage combination. Abundance values of different forest stages were connected with lines for 
better visualization; but, without the demand to reflect a site specific temporal development. 
Recovery of Beetle Assemblages during Forest Regeneration 
 
 55 
Cluster 3 contains five species, which occurred 
in young secondary forests and agroforests; but, 
not in older forest stages (Figure 3.7c). Equiva-
lent to the mature forest species, this ecological 
group of species could be defined as pioneer 
species. This group is composed of two ground 
beetles Paratachys sp.10 and Polyderidius sp.1 
(Bembidiini, Carabidae) as well as the three 
staphylinids Homaeotarsus sp.1, Ronetus sp.1 
(Paederini, Staphylinidae) and Thoracophorus 
sp.1 (Osoriini, Staphylinidae). 
 
 
 
3.4 Discussion 
Patterns of species density and richness 
The species density of litter-inhabiting beetle 
assemblages in old-growth forests was much 
higher than that of younger secondary forests, 
5–15 years after abandonment, banana mono-
cultures and shade banana-palm plantations. 
This reveals a clear negative effect of deforesta-
tion and habitat change on the diversity of the 
selected leaf litter beetles, just as reported for 
many other taxa (e.g. Lawton et al. 1998, Nich-
ols et al. 2007, Davis and Philips 2005, Bihn et 
al. 2008). Moreover, the very low number of 
species in young forests of 5-15 years after 
abandonment as well as of agroforests, which 
were mostly found as singletons, demonstrates 
the unsuitability of these habitats for beetles 
inhabiting this niche in mature forests as well 
as for species well adapted to open habitats. 
Larger open habitats are not a natural compo-
nent of the landscape; therefore, the invasion of 
open habitat species in deforested sites, such as 
highlighted for carabids in temperate regions 
(Heliölä et al. 2001, Yu et al. 2006), probably 
influences the recolonization process of litter 
inhabiting beetles very little in the area studied. 
Very low numbers of beetles dedicated as pio-
neer species (Figure 3.7d)  as well as very low 
number of beetles captured in adjacent pastures 
and young forests using pitfall traps (data not 
shown) support this assumption.  
Old secondary forests of about 35–50 years 
already had species densities and richness simi-
lar to that of old-growth forest, indicating a 
rapid recovery of species diversity during fur-
ther forest regeneration; at least if old-growth 
forests are present nearby as in the study re-
gion. This result is consistent with findings 
documented for many other taxa elsewhere in 
the tropics (Lawton et al. 1998, Dunn 2004) 
and supports the conclusion of Dunn (2004) 
and Grimbacher et al. (2007), that species rich-
ness is the component of diversity with the 
highest recovery ability.   
The recovery patterns of predators and decom-
posers did not significantly differ (Figure 3.3) 
and indicated an almost linear relationship be-
tween their densities (see Gaston et al. 1992). A 
direct predator–prey interaction seems insuffi-
cient to explain this pattern, as the abundance 
of predators clearly exceeds that of decompos-
ers. The pattern can best be explained by a gen-
eral cascading effect of lower trophic levels on 
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the diversity of higher trophic levels, as also 
found by Barberena-Arias and Aide (2003). 
 
Recovery of assemblage composition 
Patterns of significant changes in species com-
position during forest regeneration were com-
parable to those of species density (Figures 3.3 
and 3.5). Compared to the assemblages of ma-
ture forests, the assemblages of young forests 
were more similar to each other; however, the 
initial post disturbance assemblages of the 
young forests still greatly varied among each 
other. I suggest that this heterogeneity is caused 
by variable recolonization scenarios, which are 
affected by differing vegetation structures 
which in turn influence microclimatic condi-
tions and litter quantity (see Chapter 4; Liebsch 
et al. 2007), by proximity of native habitats 
(Pawson et al. 2008), and by disturbance his-
tory (Saint-Germain et al. 2005). The major 
difference between the assemblage composition 
of banana monocultures and shade banana-palm 
plantations to mature forests is most probably 
due to the low vegetation density and diversity 
of these stands. The low amount and low com-
plexity of produced leaf-litter could be unsuit-
able for many forest species, as also found for 
termites (Bandeira and Vasconcellos 2002, see 
Chapter 4). The few mature forest species 
which were found in shade banana-palm planta-
tions could be species adapted to the litter of 
the maintained single tree species or the euterp 
palm, which is a natural component of old-
growth forests. 
Old secondary forests varied less in composi-
tion and were not distinguishable from old-
growth forests. Grimbacher et al. (2007) found 
similar results investigating secondary forests 
and primary forests. Possible reasons for these 
observations are given as a longer time span for 
beetle accumulation, a higher structural habitat 
complexity (Lassau et al. 2005), and greater 
plant species richness (Haddad et al. 2001). 
However, comparable studies still found large 
differences between old secondary forests and 
old-growth forests, emphasizing a much longer 
time span for the recovery of ant (Dunn 2004, 
Bihn et al. 2008), amphibian and lizard (Gard-
ner et al. 2007b), and bird assemblages (Dunn 
2004, Barlow et al. 2007b). My study observed 
a fast recovery of litter inhabiting beetle assem-
blages, which maybe attributes to these three 
significant reasons. Firstly, many leaf-litter 
beetles are volant or have a high surface mobil-
ity, allowing them to disperse well. Secondly, a 
quantity of leaf-litter comparable to that of old-
growth forest offers adequate microhabitats for 
most forest species. Thirdly, large old-growth 
forest patches, which still exist in my study 
area, could serve as species sources for secon-
dary forests, which feature conditions already 
suitable for forest species.  
 
Sample adequacy and rare species 
Rare species are an integral part of tropical in-
sect assemblages (Novotny and Basset 2000), 
as shown in many beetle studies in tropical for-
ests. Didham et al. (1998) found 45 % single-
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tons and a still increasing accumulation curve 
for mature forest by extracting 920 m
2
 leaf lit-
ter. Grimbacher et al. (2007) sampled 50 – 60 
% singletons and doubletons in rainforest and 
different reforestation sites also with increasing 
accumulation curves. I only reached a moderate 
degree of sample completeness with many sin-
gletons, making it difficult to distinguish be-
tween random catches and distribution patterns 
of rare species. However, the reliability of my 
findings is supported by the very similar recov-
ery pattern found in both study locations. Nev-
ertheless, I found at least 13 “unique” species in 
old-growth forests of the Cachoeira reserve that 
could not be statistically confirmed as indica-
tors of old-growth forests (data not shown). 
Thus, I suggest that probably more rare beetle 
species will be lost through deforestation than 
short-term studies are able to detect. Therefore, 
I stress the importance of maintaining old-
growth forests to protect forest biodiversity. 
The results show that mature secondary forests 
can be assumed to substantially contribute to 
the maintenance of forest species, at least when 
old-growth forests are still nearby.  
However, the disappearance of some, most 
probably rare, species cannot be ruled out as 
my study was limited in sampling effort and 
manpower. Nevertheless, although varying in 
the floral composition to old-growth forests 
(Meyer 2009), old secondary forests already 
seem to offer suitable conditions for the estab-
lishment and long-term survival of many ma-
ture forest beetle species. This could be shown 
in both studied reserves, which underpins the 
reliability of the found pattern. Thus, litter in-
habiting beetles seem to be highly resilient to 
deforestation, which demonstrates their high 
potential to recover and gives even more value 
to regional restoration activities.  
Beside the mentioned recovery of beetle as-
semblages after natural forest regeneration the 
results show that the regeneration process do 
not immediately start after abandonment of 
anthropogenically used areas, but rather need a 
certain timespan. This was evident by much 
lower species densities and different assem-
blage compositions of younger forests up to 15 
years after abandonment as well as banana 
monocultures and shade banana-palm planta-
tions compared to old-growth forests. This re-
sult is especially unambigeous as these sites are 
situated in the direct vicinity to old-growth for-
ests, which do not suppose a relevant expendi-
ture of time for recolonization. It indicates that 
the regeneration of beetle diversity and compo-
sition depends upon conditions not provided by 
agroforests and young forest regeneration 
stages.  
Therefore, it would be crucial to determine the 
factors, which mainly supports the reestablish-
ment of diverse beetle assemblages in the re-
gional context to evaluate the importance of 
secondary forest habitats as well as the suitabil-
ity of regional restoration strategies for the con-
servation of leaf litter beetle diversity. 
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Mangroves in the Guaraqueçaba bay in front 
of the Serra do Itaqui reserve 
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ABSTRACTratio of leaf litter) correlated with  
To evaluate the benefit of natural forest regeneration for the conservation of 
litter beetles it is of utmost importance to understand their relationship to envi-
ronmental conditions. I evaluated the changes in physical and biotic conditions 
and their relationships to beetle density and composition during forest regenera-
tion in two chronosequences in the Atlantic forest of Southern Brazil. Each 
chronosequence was composed of secondary forest (5-7, 10-15 and 35-50 yrs 
after abandonment) and old-growth forest (> 100 yrs) stands. Beetles were 
sampled by litter sifting and Winkler extraction. Eight abiotic and biotic va-
riables, describing microclimatic conditions (temperature, humidity), litter 
features (C/N ratio, volume), soil characteristics (bulk density, pH-value) and 
vegetation structure (tree diversity, canopy openness), were measured in each 
site. Additionally, minimal distance to old-growth forest and patch size were 
recorded. Most measured variables showed the general trend to consecutively 
increase (litter volume and humidity, tree richness) or decrease (pH-value, 
canopy openness, litter temperature, C/N-ratio of litter) during forest regenera-
tion. Most variables were significantly correlated with beetle density and com-
position. However, litter volume and litter temperature showed the strongest 
effects on the pattern of beetle density and composition. The results of this 
study revealed that a closed canopy, which buffers extreme microclimatic con-
ditions and an increase of quantity and quality of habitable substrate during 
secondary succession are important aspects for the recovery of litter inhabiting 
beetle assemblages. Hence, I consider these relationships as main reason why 
old secondary forests, which differ in plant composition to old-growth forests, 
but are similar in physical and biotic conditions, already feature old-growth 
forest like beetle assemblages. 
 
 
WHICH FACTORS MATTER LEAF LITTER BEETLES? 
The importance of selected environmental variables for beetle diversity and compo-
sition during forest regeneration 
Real coral snake (Micrurus corallinus) 
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4.1 Introduction 
The support of natural forest regeneration is an 
important strategy of biodiversity conservation, 
especially in tropical regions (Aide et al. 2000, 
Feretti and Britez 2006, Rodrigues et al. 2009, 
Holz et al. 2009). Forest regeneration, which 
generally follows forest clearance for agricul-
ture or cattle grazing, is accompanied with a 
distinct pattern of changes in vegetation struc-
ture (Toky and Ramakrishnan 1983, Saldarria-
ga et al. 1988, Finegan 1996, Kennard 2002) as 
well as richness and composition (Horn 1974, 
Guariguata and Ostertag 2001, Kennard 2002, 
Howorth and Pendry 2006, Liebsch et al. 
2008). For moist and dry Neotropical lowland 
forests Guariguata and Ostertag (2001) outlined 
the following chronology in secondary succes-
sion:  
(1) In the first phase of secondary succession, 
the vegetation is dominated by grasses, shrubs 
and forbs. Under suitable conditions they are 
shaded out by short-lived, light demanding tree 
species (pioneers), such as Cecropia, Ochroma, 
Solanum and various species of Melastomata-
ceae and Rubiaceae. 
(2) Short-lived tree species will be replaced by 
taller long-lived but still light-demanding spe-
cies, such as Alchornea, Jacaranda, Vismia, 
Goupia and Trema. 
(3) As these light demanding species are unable 
to reproduce and grow under their own shade, 
shade tolerant mature forest species, which 
emerge from the soil seed bank or enter wind or 
animal feces dispersed from adjacent areas, 
grow and replace the canopies of the secondary 
stands. 
In general, tree diversity, biomass and basal 
area increase during forest regeneration (Toky 
and Ramakrishnan 1983, Saldarriaga et al. 
1988, Finegan 1996). This development to-
wards larger tree species and more diverse tree 
assemblages lead to an alteration of two impor-
tant structural complexes in regenerating fo-
rests: 
First, the canopy closure increases due to the 
development of a blockade by a multilayer ca-
nopy stratum. This closer canopy often showed 
to change the physical conditions at the ground 
stratum, such as light availability (Smith et al. 
1992) or temperature (Lemenih et al. 2004). 
Martius et al. (2004) found that soil and litter 
temperatures were both highly correlated with 
canopy closure in Amazonian primary forests, 
secondary forests and agroforestry systems. 
They validated that a closed canopy is able to 
buffer extreme climatic conditions; therefore, it 
may be a good proxy of the temperature in the 
litter layer. 
Second, forest succession is accompanied with 
an increase in litter fall (Ewel 1976, Toky and 
Ramakrishnan 1983), which accelerates the 
amount and complexity of leaf litter (Burghouts 
et al. 1992). Litter production showed to be 
determined by vegetation density, basal area 
and species composition (Veneklaas 1991, 
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Kumar and Deepu 1992). These changes in turn 
affect other environmental factors, such as ab-
oveground nutrient pools (Hughes et al. 1999) 
or biomass of woody debris (Carmona et al. 
2002).  
Additionally, numerous studies showed that 
changes in soil properties and litter features 
come along with deforestation and successional 
processes (Nye and Greenland 1964, Ewel et al. 
1991, Bautista-Cruz and del Castillo 2005). 
Depending on specific regional conditions bulk 
density was mentioned to increase (Martins et 
al. 1991), pH to increase (Reiners et al. 1994) 
or decrease (Silver et al. 1996) and soil organic 
matter to decrease (Tiessen et al. 1994) as re-
sponse to deforestation. The recovery of these 
soil properties during forest regeneration vary 
locally, depending on the interaction between 
land use history, in particular land use intensity 
and form, and site-specific factors, such as soil 
type, groundwater level or slope (Guariguata 
and Ostertag 2001). In particular, bulk density 
and pH are variables directly connected with 
land use history (Reiners et al. 1994).  
 
The response of mega-diverse insect groups, 
such as beetles, to deforestation and subsequent 
forest regeneration is still poorly known for 
many taxa in tropical regions (New 2007).  
However, it is well documented that the diver-
sity and composition of beetle assemblages is 
strongly influenced by changing environmental 
conditions. This is set forth in numerous studies 
investigating beetle response to forest fragmen-
tation (Didham et al. 1998, Niemelä 2001), 
longitudinal gradients (Andrew and Hughes 
2004), forest management (Siira-Pietikainen et 
al. 2003, Vance and Nol 2003, Wiezik et al. 
2007) or land use change (Chung et al. 2000). 
Antvogel and Bonn (2001) who investigated 
the distribution of carabid beetles in pristine 
(Quercus-Ulmus) forests along the river Elbe 
(Germany) even found different beetle compo-
sitions within a few meters distance. This was 
primarily caused by variations in vegetation 
structure and microclimate. It indicates the sus-
ceptibility of beetles to environmental factors 
even on a small scale, which is one of the rea-
sons for the postulated importance of some 
beetle families, such as carabids, scarabaeids or 
staphylinids, as environmental indicators (e.g. 
Rykken et al. 1997, Bohac 1999, Davis et al. 
2001, Rainio and Niemelä 2003). This is espe-
cially true for temperate regions and has yet to 
be proven for tropical forests (Rainio and Nie-
melä 2003).  
Reviewing the driving factors for soil and litter 
arthropod communities during rainforest dis-
turbance, Migge-Kleian et al. (2007) concluded 
that soil and litter temperatures as well as mois-
ture levels become extremely important with 
increasing levels of disturbance (also see Koi-
vula et al. 1999, Lassau et al. 2005). Thus, in-
creasing canopy closure, which changes the 
physical conditions in the ground stratum, such 
as light availability (Smith et al. 1992) or tem-
perature (Lemenih et al. 2004; Martius et al. 
2004) may have a strong effect on leaf litter 
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beetle assemblages during the process of forest 
regrowth.  
On the other hand, many studies showed that an 
increase in quantity (Jonsson and Josell 1999, 
Barberena-Arias and Aide 2003) and complex-
ity (Tews et al. 2004, Lassau et al. 2005) of 
inhabited substrate positively affects beetle 
diversity and composition. This is often traced 
back to higher resource availability (Koivula et 
al. 1999, Gotelli and Colwell 2001) and a 
higher number of habitable niches (Klopfer and 
Mc Arthur 1960, Koivula et al. 1999). Fur-
thermore, macrofauna in or on soils can be de-
pendent upon litter and soil nutrients (McGlynn 
et al. 2007) or soil pH (Paje and Mossakowski 
1984).  
Thus, in order to evaluate the resilience of bee-
tle communities and to gain basic data for the 
establishment of conservation strategies it is of 
extreme importance to understand the relation-
ship between environmental conditions and 
beetle species pattern.  
The results of Chapter 1 showed that beetle 
assemblages in the study area are not arbitrarily 
distributed among successional stages on a re-
gional scale. Great age-dependent differences 
in species density and composition are obvious. 
However, variation could also be found to some 
degree between replicate sites. In particular, 
early successional stages showed markedly 
differences in species composition, suggesting 
intensified specific combinations of environ-
mental factors influencing beetle establishment 
at a particular site.  
In this study I characterize the variation of se-
lected environmental variable along a succes-
sional gradient of a priori defined regeneration 
stages in submontane forests of Southern Bra-
zil. Furthermore, I assess the relationship of 
litter inhabiting beetle diversity measures and 
assemblage composition to these environmental 
gradients. The aim is to investigate which envi-
ronmental variables are mainly influencing 
beetle diversity and composition during forest 
regeneration. In addition, analyses will be con-
ducted to answer the question if beetle compo-
sition of successional stages is more closely 
related to vegetation structure or to plant spe-
cies composition.  
Specifically, I addressed and tested the follow-
ing hypotheses and questions: 
 
Environmental variables: 
(1) All measured variables (species density of 
trees, pH, bulk density, air moisture and 
temperature, litter volume, C/N-ratio of leaf 
litter, canopy openness) are affected by for-
est clearing and are highly correlated with 
age after abandonment.  
(2) Patterns do not differ between different 
locations in the study region.  
Environmental variables vs. species diversity: 
(3) Which variables show a strong effect on the 
species density pattern? 
Environmental variables vs. beetle composi-
tion: 
(4) Which variables explain most variance in 
the beetle composition? 
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(5) Beetle species composition is more closely 
correlated to vegetation structure (espe-
cially litter temperature and litter volume) 
than to plant species composition. 
 
 
 
 
4.2 Material and Methods 
 
Study area and design 
I used chronosequences installed in the two 
reserves Cachoeira and Itaqui, which are si-
tuated in the submontane Atlantic forests of the 
Guaraqueçaba region, Paraná, Brazil. In partic-
ular I used the study sites also used in Chapter 
3. The chronosequences are comprised of three 
secondary forest stages (Stage 1: ~ 5-7 years; 
Stage 2: 10-15 years; Stage 3: 35-50 years after 
abandonment) and old-growth forest as a refer-
ence (Stage 4: > 100 years without anthropo-
genic impact). The same beetle families also 
investigated in Chapter 3 were used to charac-
terize species density (= estimated number of 
species per area, see Chapter 1), species rich-
ness (= number of species per area rarefied to 
the lowest common number of individuals) and 
assemblage composition of the different study 
sites. Beetles of the chronosequences in Ca-
choeira and Itaqui were sampled in different 
years (Cachoeira: 2003, Itaqui: 2007) but in the 
same months of the year (July-August) to avoid 
possible seasonal differences in beetle occur-
rences. 
Environmental variables 
Fragment size, distance to old-growth forest 
and eight abiotic and biotic variables were rec-
orded at each study site (for details of mea-
surements see 2.3.3). These variables were cho-
sen because they were assumed to be affected 
by previous land use practises and the regenera-
tion process as well as their documented influ-
ence in arthropod establishment and distribu-
tion (e.g., see Didham et al. 1998). Litter tem-
perature (LitTemp) and humidity (LitHum) 
were measured as variables describing micro-
climatic conditions. I calculated the mean tem-
perature sum as it could be shown as an impor-
tant parameter affecting fecundity (Berger et al. 
2008) and growth rate of insects (e.g. Ratte 
1985). Lamb and Gerber (1985), for example, 
showed that the development, the growth, and 
the survival of larvae and pupae of the red tur-
nip beetle (Entomoscelis americana, [Chryso-
melidae]) are strongly affected by temperature 
with negative effects at extreme temperatures 
(under 10°C and over 32°C). Frith and Frith 
(1990) showed that the numbers of inverte-
brates declined when litter became dry or over-
saturated. This highlighted that fluctuations in 
invertebrate litter populations appeared 
amongst others to litter moisture content.  
Bulk density (BulkDens) and pH (pH) were 
measured to characterize soil conditions. Cattle 
grazing, one of the most important land use 
practices in the study region is known to sub-
stantially influence soil parameters, such as 
bulk density or pH-value (Reiners et al. 1994). 
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To characterize the leaf litter quantity and qual-
ity I measured litter volume (LitVol) and the 
C/N ratio (C/N_Lit) of the leaf litter. Canopy 
openness (CanOpe) and tree richness (TreeDiv) 
were measured in order to obtain data regarding 
the vegetation structure of every study site. 
Additionally, I measured the minimal distance 
to old-growth forest (DisOld) and the patch size 
(FraSize). Distance to old-growth forest could 
be a variable affecting species diversity and 
composition by describing the distance to the 
source of beetle species necessary for re-
colonization. Patch size of the forest fragments, 
in which the study sites were installed, were 
recorded to get a simple measure of fragmenta-
tion. However, analyzing the effect of fragmen-
tation is not in focus of this thesis so that no 
further variables and analyses necessary for a 
detailed examination of fragmentation effects 
were conducted. 
 
Data analysis 
Shapiro-Wilk test for normality (Shapiro and 
Wilk 1965) and Levene’s tests for homogeneity 
of variances (Schultz 1985) were conducted 
using the software package Sigma Plot (Systat 
Software Inc. 11.0, San Jose, USA) to examine 
the data structure, which determined subse-
quent analyses.  
 
Environmental variation 
For comparisons and further multivariate ana-
lyses I calculated mean values per site of every 
environmental variable (for details of mea-
surement and calculation see 2.3.3, pages 31-
34). One-way analysis of variance (ANOVA) 
with a fixed effects model was used to test for 
significant changes among successional stages 
using the software package SPSS (SPSS 17.0.2, 
Chicago, IL, USA). I examined the relation-
ships between the measured environmental va-
riables using pair-wise scatter plots (Sigma Plot 
11.0, Systat Software, San Jose, CA, USA) and 
Spearman rank correlations (SPSS 17.0.2, Chi-
cago, IL, USA). Spearman rank correlations, 
instead of Pearson correlations, were used, as 
the uneven time intervals between the succes-
sional stages and the metrics of some variables, 
in particular the pH-value, do not generally 
assume a linear relationship between the envi-
ronmental variables. 
 
Relationship of beetle density to environmental 
variation 
Species counts of all subsamples per study site 
were pooled for statistical analyses of species 
data with the environmental data. The relation-
ship between species density to the measured 
environmental data were examined using 
Spearman rank correlations. The effect of envi-
ronmental variation on the response pattern of 
species density during secondary succession in 
two different locations was analyzed using two-
way analyses of variance (ANOVA). Two-way 
ANOVAs were conducted with location (Ca-
choeira, Itaqui) and successional stage (Stages 
1-4) as fixed factors and: (A) All variables as 
covariates (with litter temperature and litter 
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volume at first included since hypothesized as 
most important). (B) Only litter temperature 
and litter volume as covariates to examine the 
effect of these variables by the exclusion of 
other variables. (C) Distance to old-growth for-
est and fragment size as covariates by the ex-
clusion of the old-growth forest sites. (D) Litter 
volume and C/N ratio of litter as covariates to 
evaluate the effect of litter quality and quantity. 
Only the sites of Itaqui were included for this 
analysis, because C/N ratio of litter was only 
measured in Itaqui.  
 
Relationship of beetle composition and envi-
ronmental variation 
Species data of all subsamples per study site 
were pooled for analyses of species composi-
tion and the environmental data. The relation-
ship of beetle assemblage composition to the 
variation of environmental variables as well as 
plant species composition was depicted by ca-
nonical correspondence analysis (CCA) using 
the CANOCO program (CANOCO version 4.5, 
ter Braak 1986, ter Braak 1996, Jongman et al. 
1995, ter Braak and Smilauer 2002). CCA is a 
multivariate method relating the composition of 
faunal assemblages to measured variation in the 
environment. CCA provides an integrated de-
scription of species-environment relationships 
by assuming the existence of a single set of 
underlying environmental gradients to which all 
species respond (ter Braak 1986). In combina-
tion with (detrended) correspondence analysis 
(a method for multivariate analysis of species 
data not accounting for environmental varia-
tion), CCA can be used to examine whether the 
measured variables explain the variation in the 
species data (ter Braak 1986). For this purpose 
CCAs were done for: (A) All study sites togeth-
er (Cachoeira and Itaqui). (B) Cachoeira and 
Itaqui separately and (C) Stages 1 and 2 as well 
as Stages 3 and 4 separately. As the environ-
mental variables are assumed to correlate with 
the successional process I conducted partial 
CCAs with site age (classified in 1-4) as cova-
riate to examine the explanatory power of the 
remaining environmental variables by exclud-
ing the effect of age after abandonment. Abun-
dance data of all species were used, excluding 
singletons and doubletons to minimize the im-
pact of random findings. Additionally, I con-
ducted CCA with a reduced data set, only in-
cluding species with more than 5 individuals in 
the whole data set in order to reduce the impact 
of rare species. I conducted CCAs despite re-
dundancy analysis (RDA) as all detrended ca-
nonical correspondence analyses (DCCA), ex-
cept for CCA of Stages 3 and 4, showed large 
gradient lengths, which recommends to use a 
unimodal model (Leps and Smilauer 2003). To 
better compare the results I also used CCA in 
case of a shorter gradient length (CCA of stage 
3 and 4). As the ordination is sensitive to the 
abundance of species, I square root transformed 
the data to reduce the impact of highly abun-
dant species and avoid a separation of sites only 
due to their abundance pattern. Nevertheless, I 
used abundance rather than presence/absence 
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data, because I generally value differences in 
abundance and dominance structure as aspects 
of beetle assemblages to consider. The sites 
CA1, CF3 and IA1 were excluded due to miss-
ing data of litter temperature and humidity.  
Before including the environmental variables to 
the ordination, CANOCO (v. 4.5) uses a for-
ward selection procedure to rank the variables 
according to their importance for determining 
species composition. The variable with the 
highest marginal eigenvalue (= fit when in-
cluded as only variable) is the first variable 
selected. Further variables will be added to the 
ordination until no further variable explains 
significant variation within the beetle composi-
tion. Significance is tested using a Monte Carlo 
permutation test with 999 random permutations 
under the full model. If the observed multiva-
riate partial F ratio is within the highest 5 % of 
the F ratios for randomly generated data sets, 
the null hypothesis (= no explanation of signifi-
cant variation within the species data) is re-
jected at the 5 % significance level.  
The relationship of beetle assemblage composi-
tion to plant species composition was indirectly 
analyzed using DCA (see Hájek et al. 2002). 
DCA was done for the study sites on the basis of 
the beetle assemblages as well as on the plant 
species composition. Sample scores of the first 
three axes (from DCAs of beetle data and tree 
data) were correlated by calculating pair wise 
Spearman rank correlations as well as regres-
sion analyses for visualization.  
 
4.3 Results 
 
Pattern of environmental variation 
All measured environmental variables differed 
significantly among study sites (Figure 4.1). 
Most measured variables showed the general 
trend to consecutively increase (litter volume, 
tree richness, litter moisture) or decrease (pH-
value, canopy openness, litter temperature, 
C/N-ratio of litter) during forest regeneration 
(Figure 4.1, Table 4.1). These trends were in all 
cases consistent between the two studied loca-
tions (Cachoeira, Itaqui). Spearman rank corre-
lations revealed that all of these variables, ex-
cept for bulk density and air humidity in the 
litter layer, were significantly correlated with 
age after abandonment (Table 4.1). However, 
changes following secondary succession, tested 
by ANOVA, were only significant for litter tem-
perature (Itaqui: p = 0.02, n = 3, Figure 4.1L), 
tree diversity (Cachoeira/Itaqui: p < 0.001, n = 
3, Figure 4.1I, J), canopy openness (Cachoei-
ra/Itaqui: p = 0.01, n = 3, Figure 4.1G, H) and 
C/N ratio of forest litter (Itaqui: p = 0.03, n = 3, 
Figure 4.1M). Furthermore, only tree diversity 
and canopy openness showed significant differ-
ences at both locations. Bulk density and air 
humidity in the litter layer showed no signifi-
cant differences among successional stages and 
were, except for a significant correlation with 
litter volume in Cachoeira (Table 4.1), not sig-
nificantly correlated with other measured va-
riables (Figure 4.1A, B, M, N and Table 4.1).  
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Figure 4.1a: Pattern of environmental variation among different successional forest stages (Stage 1: ~5 yrs, Stage2: 10-
15 yrs, Stage 3: 35-50 yrs, Stage 4: old-growth) in the submontane Atlantic forest of Southern Brazil. Measured va-
riables characterizing soil properties: bulk density (A, B) and soil pH (C, D); litter properties: litter volume (E, F); and 
vegetation structure: canopy openness (G, H). These environmental variables were chosen, because of their postulated 
importance for the spatial distribution of beetle diversity and composition. Chronosequences, installed in Cachoeira and 
Itaqui, were separately analyzed. Forest stages were tested among each other for statistical significance using one way 
ANOVAs with p ≤ 0.05. Different letters indicate different means.  
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Figure 4.1b: Pattern of environmental variation among different successional forest stages (Stage 1: ~5 yrs, Stage2: 10-
15 yrs, Stage 3: 35-50 yrs, Stage 4: old-growth) in the submontane Atlantic forest of Southern Brazil. Measured va-
riables characterizing vegetation structure: tree richness (I, J); microclimate: litter temperature (K, L) and litter moisture 
(M, N); and litter characteristics: C/N-ratio (O). These environmental variables were chosen, because of their postulated 
importance for the spatial distribution of beetle diversity and composition. Chronosequences, installed in Cachoeira and 
Itaqui, were separately analyzed. Forest stages were tested among each other for statistical significance using one way 
ANOVAs with p ≤ 0.05. Different letters indicate different means.  
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Scatter plots showed that, although the response 
pattern to age after abandonment for most of 
the soil variables analyzed was different, the 
most prominent changes usually took place 
between Stage 2 (10-15 years after abandon-
ment) and Stage 3 (35-50 years after abandon-
ment) (Appendix A.5a,b). No variable showed 
significant difference between secondary fo-
rests of 35-50 years and old-growth forests, 
neither in Cachoeira nor Itaqui. 
Litter volume was strongly correlated with di-
versity of tree species but not correlated with 
litter temperature (Table 4.1). Litter tempera-
ture was strongly correlated with canopy open-
ness and diversity of tree species (Table 4.1). 
Confronted with these facts, I conclude, regard-
ing litter volume and temperature, that during 
forest regeneration an alteration of litter tem-
perature occurs, through decreasing canopy 
openness, and an alteration of litter volume 
occurs, due to increasing tree biomass and 
changing tree species, indicated by increasing 
species diversity. 
 
Relationship of beetle density and richness 
pattern to environmental variables 
Spearman rank correlation analyses revealed 
strong correlations between most environmen-
tal variables and beetle density, except for bulk 
density and air humidity in the litter layer (Ta-
ble 4.4). Pearson correlations showed the same 
pattern of significances, but coefficients of the 
correlations were generally lower (data not 
shown). A two-way analysis showed that litter 
volume and litter temperature had a significant 
effect on the species density pattern (Table 
4.2a). Moreover, if litter volume and litter tem-
perature were firstly added to the model, no 
other environmental variable, including loca-
tion and successional stage, showed further 
explanation of the variance in the species data 
(Table 4.2a).  
 
Table 4.1: Relationships among the eight abiotic and biotic variables surveyed across sites and stand age. The table 
presents Spearman rank correlations with level of significance (P) in parentheses.  P-values < 0.05 are printed in bold. 
Correlations for Cachoeira were highlighted in grey; correlations for Itaqui were highlighted in blue. C/N ratio of the 
leaf litter was not measured (n.m.) in Cachoeira.  
 
Abiotic and biotic variables 
 Age BulkDens pH LitVol C/N_Lit LitTemp LitHum CanOpe TreeDiv 
Age - -0.29 (0.38) -0.75 (0.006) 0.79 (0.002) -0.84 (<0.001) -0.94 (<0.001) 0.58 (0.09) -0.89 (<0.001) 0.91 (<0.001) 
BulkDens -0.39 (0.20) - 0.25 (0.43) 0.11 (0.73) 0.05 (0.86) 0.58 (0.07) -0.08 (0.81) 0.36 (0.26) -0.38 (0.23) 
pH -0.82 (<0.001) 0.23 (0.45) - -0.54 (0.08) 0.80 (0.001) 0.79 (0.004) -0.23 (0.52) 0.63 (0.04) -0.62 (0.04) 
LitVol 0.63 (0.02) 0.01 (0.97) -0.58 (0.06) - -0.69 (0.02) -0.60 (0.06) 0.57 (0.10) -0.71 (0.01) 0.66 (0.02) 
C/N_Lit n.m. n.m. n.m. n.m. - 0.71 (0.01) 0.27 (0.46) 0.56 (0.07) -0.74 (0.008) 
LitTemp -0.87 (<0.001) 0.66 (0.03) 0.57 (0.07) -0.55 (0.09) n.m. - 0.38 (0.29) 0.88 (<0.001) -0.88 (<0.001) 
LitHum 0.28 (0.40) -0.08 (0.81) -0.62 (0.05) 0.58 (0.07) n.m. -0.09 (0.78) - 0.67 (0.40) 0.40 (0.26) 
CanOpe -0.85 (<0.001) 0.55 (0.06) 0.82 (<0.001) -0.54 (0.06) n.m. 0.82 (<0.001) -0.30 (0.36) - 0.81 (<0.001) 
TreeDiv 0.97 (<0.001) -0.31 (0.31) -0.82 (<0.001) 0.67 (0.02) n.m. -0.83 (<0.001) 0.28 (0.40) -0.88 (<0.001) - 
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Table 4.2: Results of two-way ANCOVA on the effect of abiotic and biotic variables, distance to old-growth forest, 
location and forest age on beetle species density. The effect of litter quantity and temperature on species density and 
their explanatory potential for diversity pattern observed for location and successional stage as fixed factors(Chapter 1) 
was evaluated by calculating the effects of litter quantity and temperature as covariate by adding other environmental 
variables as covariate (A) and without considering other variables in the model (B). The effect of distance to old-growth 
forest and patch size were studied by the exclusion of old-growth forest sites (C). The effect of C/N ratio of litter on 
species density and the relationship between litter volume and C/N ratio of litter was evaluated by taking C/N ratio as 
first covariate into the model (D). SS(type I): Sum of squares ; df: degree of freedom; MS: mean square (=  sum of 
squares divided by its degrees of freedom); F: F value is the ratio of mean square (source) to mean square (error); p: 
probability of source having no effect on species density of litter inhabiting beetles (level of significance: α = 0.05). 
Source of variation SS (type I) df MS F p 
(A)            
Litter volume 4884.38 1 4884.38 19.56 0.011 
Litter Temperature 4998.39 1 4998.39 20.02 0.011 
Litter Humidity 786.12 1 786.12 3.15 0.151 
Canopy Closure 300.13 1 300.13 1.20 0.335 
Tree Diversity 142.71 1 142.71 0.57 0.492 
pH 287.55 1 287.55 1.15 0.344   
Distance to old-growth forest 111.80 1 111.80 0.45 0.540   
Bulk density 22.54 1 22.54 0.09 0.779   
Location 1123.52 1 1123.52 4.50 0.101    
Successional stage 1768.91 3 589.64 2.36 0.212 
Location x successional stage 1805.89 2 902.93 3.61 0.127 
Error 998.81 4 249.70   
      
(B)      
Litter volume 5210.08 1 5210.08 19.57 0.001 
Litter temperature 4874.87 1 4874.87 18.30 0.002 
Location 816.53 1 816.53 3.07 0.110 
Successional stage 2875.42 3 958.47 3.60 0.540 
Location x successional stage 1238.21 3 412.74 1.55 0.262 
Error 2662.63 10 266.26   
      
(C)      
Distance to old-growth forest 215.93 1 215.93 1.04 0.342 
Patch size 1032.36 1 1032.36 4.96 0.061 
Location 731.72 1 731.72 3.51 0.103 
Successional stage 7844.85 2 3922.43 18.83 0.002 
Successional stage x Location 1057.38 2 528.69 2.54 0.148 
Error 1457.63 7 208.23   
      
(D)      
C/5 ratio of litter 3586.43 1 3586.43 18.25 0.008 
Litter volume 1456.07 1 1456.07 7.41 0.042 
Successional stage 1766.73 3 588.91 2.99 0.134 
Error 982.77 5 196.55   
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Location and successional stage showed also no 
further explanation of the beetle species pattern, 
if only adding litter temperature and litter vo-
lume as covariate to the model (Table 4.2b). 
Separate analysis for Cachoeira and Itaqui 
showed that litter volume had a significant ef-
fect in both locations, while the effect of litter 
temperature was only significant in Itaqui (Ap-
pendix A.5c).  
 
Table 4.3: Spearman rank correlations between species 
density and different environmental variables. Environ-
mental variables are litter volume (LitVol), ground-level 
air temperature (LitTemp) and humidity (LitHum), bulk 
density (BulkDens), pH of soil (pH), species density of 
trees (TreeDiv), canopy openness (CanOpe), C/N ratio of 
leaf litter (C/N_Lit), distance to old-growth forest (Dis-
Old) and patch size (FraSize). The table presents Spear-
man rank correlations with level of significance (P) in 
parentheses. P-values < 0.05 are printed in bold. C/N 
ratio of the leaf litter was not measured (n.m.) in Ca-
choeira.  
Species density 
  Cachoeira Itaqui 
Age 0.89 (<0.001) 0.90 (< 0.001) 
LitVol 0.65 (0.020) 0.78 (0.002) 
LitTemp -0.79 (0.003) -0.93 (<0.001) 
LitHum -0.36 (0.290) -0.40 (0.260) 
BulkDens -0.57 (0.050) -0.18 (0.590) 
pH -0.72 (0.007) -0.74 (0.008) 
TreeDiv 0.80 (<0.001) 0.89 (<0.001) 
CanOpe -0.83 (<0.001) -0.83 (<0.001) 
C/N_Lit n.m. -0.76 (0.004) 
FraSize 0.78 (0.003) 0.84 (0.001) 
DisOld -0.37 (0.230) -0.47 (0.140) 
 
 
Patch size was significantly correlated with 
species density (Table 4.4); however, showed 
no significant effect on the species density pat-
tern (Table 4.2c). Distance to old-growth forest 
was neither correlated with species density 
(Table 4.4) nor showed a significant effect on 
the species density pattern (Table 4.2c).  
If added as first factor, C/N ratio of leaf litter 
showed a significant effect on species density; 
but, the effect of litter volume was still signifi-
cant (Table 4.2d). 
The differences in species density and richness 
between the replicate sites of the single stages 
as well as the stages which showed no signifi-
cant difference in species density and richness 
(Stages 1-2, Stages 3-4, see Chapter 1). 
 
 
Relationship of beetle species composition to 
environmental gradients 
In a canonical correspondence analysis of all 
study sites, litter temperature and pH-value 
explained convincing variation in the composi-
tion of beetle species (Table 4.5, Figure 4.2). 
CCA eigenvalues of the first two axes (0.53, 
0.22, axes 1-2) were not notably lower than 
those from a DCA (0.69, 0.30, axes 1-2). Spe-
cies-environment correlations were especially 
high for the first axes (0.93, 0.85, axes 1-2). 
High correlations of litter temperature and pH-
value with the first axis (0.90 pH-value, 0.71 
LitTemp) demonstrated the importance of these 
variables for explaining the ordination of the 
study site along the first axis. Litter temperature 
and pH-value accounted for 15.1 % of the va-
riance in the weighted averages of beetle spe-
cies. When adding age after abandonment 
(classified according to the successional stages 
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The measured environmental variables did not 
explain a significant part of the variance when 
analyzing young forests (Stages 1, 2) and ma-
ture forests (Stages 3, 4) separately data not 
shown). Linear regression analysis of sample 
scores from DCAs on the basis of beetle compo-
sition and tree composition showed significant 
correlations on the first axis but no correlations 
on the second and third axis (Figure 4.4). High 
correlations of first axis scores was mainly due 
to similar species shifts from young secondary 
forests (Stages 1, 2) to old secondary forest 
(Stage 3) and old-growth forests (Stage 4) (Fig-
ure 4.4).  
 
 
 
 
Figure 4.3: Beetle species composition in forest succession stages of Cachoeira reserve (A) and Itaqui reserve (B) in 
relation to environmental variation: CCA ordination diagram with study sites situated in Cachoeira and Itaqui (symbols) 
and environmental variables which explain a significant part of variance in beetle species data (arrows). Sites C1A, C3F 
and I2A were excluded due to missing data of litter temperature and humidity. First axis is horizontal, second axis ver-
tical. Sites are: very young secondary forest (Stage 1, circles), young secondary forest (Stage 2, diamonds), old second-
ary forest (Stage 3, squares) and old-growth forest (Stage 4, triangles). Sites were labeled following the site code ex-
plained in Table 1 (page 18). The environmental variables are litter temperature (LitTemp) and pH-value (pH). 
A B 
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Figure 4.4: Scatter plots of samples scores from DCAs on the basis of beetle species composition and tree species com-
position. The sample scores of both DCAs were separately analyzed for axis 1 (A), axis 2 (B) and axis 3 (C). Signific-
ance of sample score correlation was tested using Spearman Rank correlation. Correlation coefficient (Corr. Co.) and 
significance on a 0.05 % level (p) was calculated for each axis. Sample scores for the first axis were convincingly sig-
nificant correlated. Sample sites from Itaqui (open symbols) and Cachoeira (full symbols) were included. Forest stages 
were displayed with different symbols: Stage 1: circles; Stage 2: diamonds; Stage 3: squares; Stage 4: triangles.   
 
 
Table 4.5: Environmental variables that account for significant variation in litter inhabiting beetle composition between 
study sites by their marginal and conditional effects on beetle species, as obtained by the CCA forward selection proce-
dure (Monte Carlo permutation). Marginal and conditional effects are given for a conjointly CCA of Cachoeira and 
Itaqui sites (A) as well as for separate CCAs of Itaqui (B) and Cachoeira (C). 
Marginal effects 
 
Conditional effects 
Variable eigenvalue p 
 
Variable eigenvalue p 
(A) 
      
pH 0.51 0.001 
 
LitTemp 0.40 0.003 
CanOpe 0.50 0.001 
 
pH 0.35          0.023 
Age 0.44 0.001 
    
TreeDiv 0.41 0.001 
    
LitTemp 0.40 0.001 
    
       
(B) 
      
CanOpe 0.58          0.050 
 
LitTemp 0.53 0.001 
LitTemp 0.53 0.001 
    
pH 0.50 0.002 
    
Age 0.48 0.001 
    
Treediv 0.47 0.002 
    
BulkDens 0.44 0.048 
    
       
(C) 
      
pH 0.60 0.001 
 
pH 0.61 0.001 
CanOpe 0.51 0.003 
    
Age 0.48 0.007 
    
Treediv 0.47 0.007 
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Adding sample scores which are based on tree 
composition, as a response variable to a CCA of 
beetle species, showed tree composition having 
a significant marginal effect on beetle composi-
tion (data not shown); but, this effect was lower 
than that of litter temperature or the pH-value 
and was not important to any further extent 
when adding litter temperature or the pH-value 
to the model.  
 
 
4.4 Discussion 
 
ENVIRONMENTAL VARIATION DURING FOREST 
REGENERATION 
Considering the presumption that old-growth 
forest was the original vegetation on early sec-
ondary forest sites, vegetation structure as well 
as soil and litter characteristics were signifi-
cantly affected by deforestation; however, these 
effects seem to be temporary as all variables 
converge stepwise to old-growth forest like 
conditions during the regeneration process. 
These results support similar assumptions made 
by Guariguata and Ostertag (2001) and Peña-
Claros (2003) for neotropical rainforests and 
Islam and Weil (2000) for tropical deciduous 
forest in Bangladesh. It signifies the high resi-
lience of tropical forests when previous human 
impact was not too severe (Martin et al. 2004), 
such as postulated for this study area based on 
information of regional history (R Britez 
[SPVS] personal communication). With subse-
quent forest regeneration tree diversity increas-
es; but, still shows differences between old sec-
ondary forest and old-growth forest. Thus, the 
regeneration of plant diversity seems to need 
more time than the recovery of beetle diversity, 
like shown in Chapter 1 (for more details on 
floral regeneration see Meyer 2009). Liebsch et 
al. (2008), who investigated forest regeneration 
in the Atlantic forest of Brazil, including forests 
of the Guaraqueçaba region, also mentioned a 
long time span for the regeneration of plant 
species composition. They point out the high 
level of endemism and the slow reestablishment 
of rare species as possible reasons for this slow 
regeneration and infer a recovery time require-
ment of several hundred years.  
The canopy openness decreased during regene-
ration, showing the strongest decrease between 
5 years (Stage 1) and 10 to 15 years (Stage 2) 
after abandonment. This rapid closure of the 
canopy in the initial succession phase is mainly 
due to the shift in vegetation from shrub to ear-
ly pioneer tree species (Guariguata and Oster-
tag 2001). The great variance between young 
forest sites reflects the variability in pioneer 
species composition and is assumed to be af-
fected by previous land use history and specific 
site conditions (Cheung 2006). The litter tem-
perature sum also decreased during forest de-
velopment, due to decreasing canopy openness. 
The forming canopy absorbs parts of the solar 
irradiation and buffers extreme high tempera-
ture peaks through shading of the litter layer. 
This can be corroborated through the strong 
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correlation between both variables (Table 4.1) 
and the measured high midday temperatures in 
initial regeneration sites (Stage 1) of up to 50° 
C. This conclusion is supported by similar find-
ings elsewhere in the tropics (Martius et al. 
2001, Lemenih et al. 2004). However, air hu-
midity in the litter layer, also expected to be 
affected by high solar irradiation and a buffer-
ing canopy respectively, showed no notable 
differences between the successional stages. 
Although some young forest sites showed low 
air humidity in the litter layer, others did not. 
As other studies often found litter air humidity 
to decrease with increasing canopy closure (e.g. 
Martius et al. 2004), I suggest that methodolog-
ical errors, most probably, interfere an existing 
pattern among the forest stages (see section 
Methodological bias and sampling error).  
Litter volume showed high sample related va-
riability; but, it clearly increased during sec-
ondary succession. As litter fall is equally high 
in early succession stages (with approximately 
5000 kg ha-1 a-1) compared to mature forests 
(Dickow 2010, see also Barlow et al. 2007), I 
state differing decomposition rates, because of 
alterations in litter material, as important aspect 
leading to lower litter quantity on earlier stages 
(Xuluc-Tolosa et al. 2003). A study of Schmidt 
et al. (2008), studying the same forest stages, 
showed that the decomposition of leafs from 
the same tree species was higher in mature fo-
rests compared to young forests. However, the 
decomposition of leafs from pioneer species, 
such as Tibouchina pulchra (dominant in 
younger forest sites [Dickow 2010], see also 
Figure 4.5), was much faster than that of a typi-
cal mature forest species, such as Sloanea 
guianensis (with ~ 8 % most abundant species 
in mature forests [Dickow 2010], see also Fig-
ure 4.5). Thus, the existence of fast decompos-
able leaf litter in earlier stages seems to cause 
the reduced litter quantity in the studied sites 
(also see Ewel 1976). Furthermore, Boeger et 
al. (2005) showed that leafs of pioneer species 
have notably lower content of most nutrients, 
such as nitrogen or phosphorus. They suggest 
that the increment of nutrient is related to the 
accumulation of litter above the soil that pro-
vides a more adequate environment for efficient 
nutrient cycling and higher nutrient concentra-
tion in the soil. This could explain the higher 
C/N ratio of leaf litter measured in young fo-
rests compared to mature forests in this study.  
The pH-value of the naturally very acidic soil 
was considerably higher in younger forests 
compared to mature forests. The change in pH-
value, I observed, was consistent with succes-
sional pattern reported at a wide variety of trop-
ical sites that were cleared for cattle pasture 
(Krishnaswamy and Richter 2002). This in-
crease of pH can be suggested as principally 
caused by an intense leaching of basic cations 
(Hassan and Majumder 1990) and higher con-
centrations of NH4
+ due to the return of base - 
rich animal manure (Reiners et al. 1994, Krish-
naswamy and Richter 2002). Surprisingly, the 
soils of 10-15 year old secondary forests were 
still notably less acidic than mature forests, 
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which suggest a strong effect of cattle grazing 
on the cation exchange capacity. However, spe-
cific measurements addressing these findings 
have to be conducted to adequately determine 
the local relationships between cation exchange 
capacity, pH-value and land use change.  
Although bulk density is often highlighted to 
increase under cultivation due to the destruction 
of soil microaggregates (e.g. Reiners et al. 
1994, Islam & Weil 2000), we could not find 
differences in bulk density between the succes-
sional stages. Hence, the deforestation process 
(primarily occurred without the use of heavy 
machines) and the previous land use practices, 
primarily extensive grazing of Asian buffalo 
and various kinds of plantations, did not have 
lasting negative effects on the compaction of 
the upper soil. The fast natural regrowth on 
most abandoned areas (R Britez [SPVS] per-
sonal communication), basically verifies the 
integrity of the soil’s seed bank. 
 
RELATIONSHIP OF ENVIRONMENTAL VARIABLES 
TO SPECIES DIVERSITY 
Both, physical and biotic factors clearly altered 
during forest regeneration and were highly cor-
related with the density of beetle species. Litter 
temperature and litter quantity showed strong 
effects on the beetle density pattern. These fac-
tors seem to substantially contribute to the in-
crease of species density during the regenera-
tion process (Figure 4.6, 4.8). Increasing cano-
py closure diminishes mean monthly litter tem-
perature sums by buffering daily extreme tem-
perature conditions throughout the year. The 
litter layer of mature forests showed seasonal 
fluctuations in microclimate, just as young fo-
rests; but, feature nearly constant daily tem-
peratures with fluctuations of less than 3° C, as 
shown in a preliminary study (Hopp 2006). In 
contrast, young secondary forests showed daily 
temperature amplitudes of more than 10° C 
(Hopp 2006). This clearly differs from the con-
ditions provided by mature forests, which can 
be seen at least as suitable for the development 
of forest species populations. Studies examin-
ing the effect of high temperatures on litter 
beetles are scarce; however, several studies, 
investigating the effect of temperature on beetle 
development, showed decreasing survival rates 
for larvae, eggs and pupae at extreme tempera-
tures (over 30° C) for chrysomelids (Lamb & 
Gerber 1985), cocinellids (Wilson et al. 1982), 
curculionids (Walker 1980, Lapointe 2001) and 
carabids (Jensen 1990). A simulation study on 
the effect of solar heat on egg laying, develop-
ment and survival of bruchid beetles (which, 
however, do not belong to the litter beetle fau-
na) in stored Bambara ground nuts in Nigeria 
showed that the exposure to high temperatures 
(40, 45 and 50° C) led to a significant reduction 
of oviposition and notably fewer species which 
reached adulthood at each temperature level 
compared to the next lower temperature level. 
No adults developed from eggs, which were 
exposed to 50° C for 2 to 6 hours (Lale and 
Vidal 2003a). Additionally, they showed that 
temperature influenced oviposition and progeny 
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development of bruchid beetles significantly 
more than humidity (Lale and Vidal 2003b). 
 
 
Figure 4.6: 3-D mesh plot of study sites in Cachoeira 
and Itaqui reserve. Ordination based upon data of litter 
volume, litter air temperature sum and estimated number 
of beetle species. Data points of study sites are graphed 
as nodes of a mesh grid. Change of color signifies change 
in species density. The red arrow demonstrates the in-
crease of species density through increasing litter volume 
and decreasing litter temperature sum. The question mark 
signifies the arguable effect of adding leaf litter in sites 
with high litter air temperature sums (= young regenera-
tion stages). 
 
 
In this study, extreme temperatures in the initial 
regeneration stage (Stage 1), of up to 50° C 
midday during the rainy season and lows to 
almost 0° C nights during the dry season, are 
probably the most unsuitable conditions for the 
development of the majority of forest species. 
Therefore, highly fluctuating litter temperatures 
may be one reason for such low beetle density 
in early regeneration stages. Unbuffered ex-
treme temperatures can also indirectly influence 
beetles through their effect on other organisms, 
including natural enemies or prey. Just as litter 
inhabiting beetles, in my study sites, many oth-
er arthropod groups had low abundances in 
very young forests (Figure 4.7). However, spid-
er abundances were relatively high and could 
have an additional negative effect on beetles. 
Soil dwelling spiders, in particular lycosids, 
which were common in the sites of the very 
young secondary forest stage (L Scheuermann 
[Museum of natural history Karlsruhe SMNK] 
unpublished data), are known to also feed on 
beetles (see e.g., Leslie Hayes and Lockley 
1990, Nyffeler et al. 1994). 
 
Whereas litter temperature extremes limit the 
occurrences of litter inhabiting beetles in early 
forest stages, an increase of litter volume dur-
ing further forest regeneration positively influ-
ence beetle species density (Warriner et al. 
2004, Vanderwall et al. 2006). The positive 
effect of increasing litter quantity and changing 
litter quality may be due to two different rea-
sons: (1) An increase of substrate quantity and 
heterogeneity may in turn lead to an increase of 
habitable niches, which allows the coexistence 
of a larger amount of beetle species. For exam-
ple, mixtures of litter have been shown to sup-
port more diverse mite communities than litter 
of single tree species (Hansen and Coleman 
1998, Hansen 2000). (2) The increase of litter 
quantity and quality may also increase the 
availability of food resources, which enables 
the development of a more complex food web. 
Therefore, more organic material could en-
? 
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hance the abundance of decomposers, such as 
fungi, mites or collembola (Chen and Wise 
1999). 
 
Figure 4.7: Abundances of different arthropod groups 
sampled in different successional stages (1-4) of Ca-
choeira reserve by sifting of 20 m2 leaf litter per site and 
using the Winkler technique for extraction (Hopp 2006). 
These arthropod groups are chosen, as they are known to 
be adequately extractable using the Winkler technique. 
 
Adding of additional food resources (pieces of 
fungi and potato as well as culture medium) to 
the leaf litter in sites of the Stages 2 and 4, for 
example, resulted in an increase of abundances 
of various litter and soil inhabiting taxa, such as 
collembola, acari, spiders and beetles (F Raub 
[SMNK] unpublished data). In particular, fungi, 
collembola and mites can act as prey for a more 
abundant and species rich assemblage of preda-
tors, including most litter inhabiting beetle spe-
cies (Chen and Wise 1999). Together, these 
multidimensional axes of niche partitioning are 
likely to provide an explanation of the vast di-
versity of beetles in mature forests. Addressing 
the importance of both environmental factors, 
litter and temperature, I suggest that the low 
species density in 10-15 year old secondary 
forests is due to the lower amount and quality 
of leaf litter, as the mean monthly temperature 
sum is already similar to that of older forest 
stages. Old secondary forests and old-growth 
forests do not show differences concerning 
these important factors. Hence, the species den-
sity and species richness turns out to be compa-
rable between these two different aged mature 
forest stages.  
However, species diversity (density and rich-
ness) only fits moderately to these factors in a 
linear regression analysis (Appendix A.5d). On 
the one hand the moderate sample complete-
ness and the relatively low number of study 
sites will surely affect the fit of a regression 
analysis; but, on the other hand this result also 
indicate the limited predictive power of these 
variables for beetle diversity on a stage level 
(see  the section Methodological bias and sam-
pling error). The distance to old-growth forests 
is not important for the occurrence of beetle 
species in the regional context. All forest stages 
are relatively close together and not separated 
by a deforested matrix, which could limit the 
recolonization in early stages of forest regene-
ration. Patch size showed to have an effect on 
the species density pattern; however, patch size 
strongly corresponded with forest stages, show-
ing young secondary forest as small fragments 
and old-growth forest as large, often conti-
nuous, forest remnants. Thus, it was not possi-
ble to evaluate the effects of patch size and age 
after abandonment independently. However, as 
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the matrix in the study area is also forested and 
as Chapter 1 revealed that the old secondary 
forests, which cover large parts of the area, 
house similar assemblages as old-growth fo-
rests, I assume that fragmentation is less impor-
tant in the regional scenario, at least compared 
to successional processes. 
 
RELATIONSHIP OF ENVIRONMENTAL VARIABLES 
TO SPECIES COMPOSITION 
As most environmental variables were strongly 
correlated with age after abandonment (Table 
4.1), several of these variables explained a sig-
nificant part of the shift in beetle composition. 
In particular, LitTemp and pH-value were as-
sumed to be important factors for the shift in 
species composition (see Figure 4.8). As the 
eigenvalues from CCA were not notably lower 
than those from DCA, which indicate only a low 
distortion of the sample grouping by entering of 
the environmental variables, it was assumed 
that LitTemp and pH explained the shift in spe-
cies composition along the regeneration gra-
dient to a satisfactory degree. However the ei-
genvalues were low, indicating that the data set 
generally showed only moderately strong pat-
terns. Although species composition between 
regeneration stages was statistically different 
(MRPP, p < 0.001) the species composition 
showed a large variation within the regenera-
tion stages (compared to species density), 
which hampers the explanation of species shift 
along the successional gradient. Given the large 
amount of noise within the data set, a low gene-
ralization potential can be assumed for unmea-
sured sites. Thus, I suspect a low predictive 
character of the analyzed relationship on a re-
gional scale. An extraordinary large variation in 
species composition was observed in the initial 
regeneration stages as seen in Figure 4.2. I sug-
gest that this site-specific heterogeneity of 
beetle assemblages did not occur due to sam-
pling errors but was caused by the specific land 
use history, influencing the plant species com-
position. Cheung (2006) also found nonage 
dependent differences in plant species composi-
tion in young secondary forests sites, which he 
addressed to land use history. For example, one 
site of stage 1 was dominated by ginger (Hedy-
chium coronarium) while another site was 
dominated by guava (Psidium guaijava). This 
supports assumptions that previous land use 
influences the floral regeneration on the study 
sites, which were not considered in the study. 
Unfortunately, data about the land use history 
of the single sites were reduced to statements 
by local inhabitants and were not reliable 
enough for further investigations. However, 
adding the information whether the non-native 
grass Brachiaria ssp. was planted on the study 
sites (see additional markings in Figure 4.2) 
suggests that this anthropogenic impact could 
have altered the natural regeneration process 
and in turn the environmental conditions.  Thus, 
extremely variable and often unsuitable starting 
combinations of litter quantity, canopy open-
ness and pH-value are assumed to generate a 
random distribution pattern of beetles. Howev-
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er, the pH-value will most probably not have a 
direct effect on the beetle composition but re-
flects land use intensity (Nye & Greenland 
1964, Buschbacher et al. 1988) and the influ-
ence of high soil moisture levels, known to ef-
fect beetle assemblages (Hopp et al. 2010). 
Accordingly, the two sites of Stage 1, where I 
observed periodically high soil moisture levels, 
although showing no signs of leaching effects 
by investigating the soil profile, grouped close 
together and featured high pH-values. 
 
METHODOLOGICAL BIAS AND SAMPLING ERROR 
According to the discussed uncertainties in the 
beetle sample adequacy, which were obtained 
from project related limitations in sampling 
effort and time (Chapter 3), it is important to 
discern that the methodology used in this study 
may also have affected the detection of some 
existing relationships: (1) The response of in-
sects to highly variable litter features, such as 
litter air humidity, will most probably be on a 
microspatial level (Antvogel and Bonn 2001)
 
Figure 4.8: Flow chart visualizing the relationships of natural forest regeneration, environmental variables and litter 
beetle density and composition in Atlantic submontane forests of Southern Brazil. The relationships are based on results 
gathered in this study (parameter highlighted in grey and relationships displayed with black arrow lines), supported by 
results of an additional study conducted in the study area (orange arrow lines marked with 3,) and further literature data 
mentioned in the introduction (orange arrow lines). The qualitative statement of the relationship (decrease, increase) 
describes the effect of a parameter on the subsequent parameter. This effect on the subsequent parameter in turn account 
for the effect of this parameter on the following one. Some relationships are not adequately describable using the state-
ments increase/decrease and thus are further explained in the following: 1: Natural forest regeneration leads to an altera-
tion in litter quality due to changing floral species composition, which comprise an increasing C/N ratio but also an 
increase of the amount of more complex compounds, such as polyphenols or terpenes. 2: Litter quantity increase due to 
changing litter quality, because the litter of older forest stages is more persistent to degradation. 3: Interactions of dif-
ferent soil types with litter quantity and leaf litter beetle diversity and composition was investigated in the study region 
(see Hopp et al. 2010) However, it was not finally determined if soil related conditions directly affected the beetle den-
sity and composition or if, as presumed, soil type related conditions affected the amount of leaf litter, which in turn 
affect beetle diversity and composition. 4: Soil pH will most probably not have a direct effect on the beetle composition 
but reflects land use intensity and the influence of high soil moisture levels. 
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Thus, the measurement of litter air humidity 
with one logger per site may not be the appro-
priate resolution for detecting relationships be-
tween beetle occurrences and air humidity and 
could be responsible for the low correlation 
with the beetle data. 
Grimmond et al. (2000) found that differences 
in microclimatic conditions measured within a 
secondary forest are of the same order as those 
measured in previous studies contrasting open 
and forest sites. Hence, they point out that such 
spatial variability should be considered in stu-
dies of ecological processes. This in turn is also 
imperative for the beetle sampling, and would 
imply much more sampling, as beetles are 
patchy distributed.  
(2) Results of multivariate analyses, such as 
canonical correspondence analysis are strongly 
affected by the quality of data included, which 
means the way of parameterization and the 
amount of data. Additionally, the algorithm of 
the methods used affects the results dramatical-
ly (Jones et al. 2008). Austin (2002), for exam-
ple, strongly criticized canonical ordination 
studies, because they do not consider the possi-
bility that species responses to environmental 
gradients are nonlinear. However, regarding to 
the similar results obtained from different anal-
ysis (despite the mentioned sample related 
“background noise”) I submit that the found 
relationships are very strong and thus impor-
tant.  
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ABSTRACTr 
Seasonal fluctuations in species occurrence and abundance patterns may query the 
reliability of data obtained by sampling strategies focusing on snap-shots of the 
population in space and time. Thus, to evaluate the temporal variability in litter 
beetle assemblages, I estimated the quality of data received by litter sifting at sin-
gle points in time and estimated the suitability of using this method to generate 
basic ecological data for litter inhabiting beetle assemblages. Beetles were sampled 
in different forest regeneration stages at two points in time (April and August) 
using the Winkler technique. Additionally, beetles were sampled using pitfall traps 
over a period of 17 months in one old-growth forest. For all regeneration stages, 
species density and abundance was lower in April compared to August; but, as-
semblage composition of the corresponding forest stages was very similar at both 
months. Thus, I suggest that sampling at different points in time using the Winkler 
technique and focusing on small litter inhabiting beetles, not only reveals identical 
ecological pattern (in this case along forest regeneration) but also that these pattern 
are identified by very similar data sets, whose differences are more likely influ-
enced by sample incompleteness than by strong differences in their assemblage 
composition. Thereby, a strong interconnection between litter quantity and beetle 
occurrences seems to mediate abundance and species density not only along a 
successional gradient, but also among seasonal variations of this physical parame-
ter. The ten pitfall traps sampled few individuals and species. Over 60 % of the 
species (only including the 9 beetle families further examined) was also sampled 
by Winkler extraction. Although surely more beetles would be found by expanding 
the sampling effort, it indicates that the local leaf litter beetle fauna is mainly con-
stituted of small to very small beetles, featuring moderate to low surface mobility. 
Hence, being aware of the exclusion of larger and wet season occurring beetle 
species, the Winkler method reveals a much better picture of the local litter inha-
biting beetle community.  
               Atlantic forest of Southern Brazil 
 
           CHAPTER 5 
 
 
Temporal variability among epigeic beetle assemblages in 
Atlantic forest ecosystems  
Evaluating the reliability and suitability of beetle data sampled by litter sifting 
and Winkler extraction  
 
               Atlantic forest of Southern Brazil 
Temporal Variability of Beetle Assemblages 
 
 89 
5.1 Introduction 
Data obtained in ecological studies deeply de-
pend on the used sampling design and metho-
dology. Thereby, most statistical uncertainties 
of sampling results accrue from sample sizes 
too small for adequate power in tests of signi-
ficance, the usage of “pseudo-replicates” (= 
subsamples) instead of a more proper replica-
tion and the missing knowledge of how well the 
spot sample represents the “target” population 
(Hurlbert 1984, Eberhardt and Thomas 1991). 
This is especially true for studies focusing on 
insect assemblages in tropical forests, where 
inventories usually are poorly known (Kim 
1993, Stork 1994) and the environment is very 
heterogeneous. As sample size and number of 
true replicates is often influenced by limitations 
in time, man power and cost effectiveness, the 
question of how well a snap-shot of the popula-
tion in space and time represents an adequate 
picture of the true population mainly depends 
on the sampling method used. Thus, the relia-
bility of results has to be evaluated in terms of 
the sampling methodology, especially when 
aiming to explore basic ecological data for in-
sect taxa by sampling at one point in time, such 
as in the studies documented in Chapter 3 and 
4.   
One challenge of sampling epigeic beetle as-
semblages is the short life-cycle of many spe-
cies, which can result in seasonal activity pat-
terns and a great temporal variability of occur-
rences, mediated by changing environmental 
conditions throughout the year (Wolda 1988). 
Whereas seasonal changes of insect richness, 
abundance and activity in the temperate zone is 
common knowledge and mediated by alternat-
ing warmer and colder seasons as well as rainy 
and dry periods in southern regions, temporal 
variability of insect species in the tropics and 
subtropics is much less obvious. On average, 
the activity season of tropical species tends to 
be longer, the percentage of species active 
around the year higher and the seasonal peaks 
less well defined, relative to temperate species 
(Wolda 1980). However, the pattern vary spe-
cies-specific and may at least partly depend on 
other factors than temperature or moisture 
alone (e.g., Denlinger 1980, Tanaka et al. 2008, 
Anu et al. 2009).  
Many studies, which focus on inventorying and 
comparing beetle assemblages, cope with the 
problem of fluctuating beetle occurrences by 
expanding the sampling time over a vegetation 
period or up to several years, depending on the 
climate regime in which the study is conducted. 
In doing so, they aim to minimize the variation 
of assemblages over time. A commonly used 
sampling method for this approach is pitfall 
trapping (Work et al. 2002). Many studies us-
ing pitfall traps showed that beetle species oc-
currences change throughout the year or at least 
show clear seasonal abundance patterns (e.g., 
French and Elliott 1999, Finn et al. 2001, Jay-
Robert et al. 2008). These results support the 
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necessity of long-term sampling using pitfall 
traps for ecological beetle studies. However, 
despite the advantages of using pitfall traps for 
sampling beetles, this method bears many 
sources of error (Adis 1979). Many studies 
showed that catches are dependent on tempera-
ture (Raworth and Choi 2001), vegetation struc-
ture and density (Topping and Sunderland 
1992, Melbourne 1999, Bonte et al. 2002), sea-
son (Raworth and Choi 2001, Topping and 
Sunderland 1992), prey availability (Mols 
1993) and the activity of ground-dwelling spe-
cies (Morrill et al. 1990). Furthermore, the 
catches are influenced by the duration of sam-
pling (Riecken 1999), the killing agent used 
(Weeks and McIntyre 1997) and by species 
specific escape abilities (Halsall and Wratten 
1988). Lang (2000) concluded that the relation-
ship between pitfall trap catches and actual 
population densities appeared to be either ab-
sent, weak or highly variable among taxa, habi-
tat and time of the season.  
Other sampling methods, such as litter sifting 
(Besuchet et al. 1988), which provides an area 
related measure of faunal assemblages inde-
pendent of species activity, were shown to 
more efficiently sample species and individuals 
of ants (Olsen 1991, Fisher and Robertson 
2002, Martelli et al. 2004; but, see Parr and 
Chown 2004) and more adequately pictured ant 
(Ivanov and Keiper 2009) and harvestmen 
(Bancila and Plaiaşu 2009) assemblages than 
did pitfall traps. I am not aware of any compa-
rable study for beetles; however, results will 
surely depend on the beetle family studied. 
Nevertheless, as litter sifting seems to be a very 
efficient method to sample and compare as-
semblages of a certain moment in time, the me-
thod is, due to its destructive manner and its 
sensitivity to the actual moisture content of the 
sampled material, not suitable to sample insect 
assemblages over a longer time span or during 
periods of high precipitation.  
As the Atlantic forest of Paraná state exhibits 
strong fluctuations in temperature and precipi-
tation throughout the year (see 2.1.1, page 14-
15) one can hypothesize, that many beetle spe-
cies in the study sites will show temporal dy-
namics in their presence and activity abun-
dance. Unfortunately, the few studies con-
ducted in the study region, aiming to investi-
gate the seasonality of beetles, were carried out 
in Araucaria forests (= temperate Atlantic fo-
rests, Linzmeier and Ribeiro-Costa 2009) and 
focused on beetle families, which are not part 
of the litter fauna, such as Chrysomelidae 
(Linzmeier and Ribeiro-Costa 2009) or Ceram-
bycidae (Marinoni and Ganho 2003). Thus, the 
results of these studies are only of limited value 
for the evaluation of the temporal variability of 
beetle assemblages in the litter layer. 
In the present study I aimed to estimate the 
quality of data received by litter sifting at single 
points in time and to evaluate the suitability of 
using this method to generate basic ecological 
data for litter inhabiting beetle assemblages. 
First, I estimated the variability of beetle occur-
rences at two different points in time using lit-
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ter sifting and Winkler extraction as sampling 
method. The aim was to evaluate the variability 
of beetle assemblages over time and to test if 
sample sets collected in different seasons result 
in a similar recovery pattern during forest rege-
neration using a chronosequence approach. 
Second, I tested, if litter quantity, revealed as 
regionally important factor for the diversity and 
distribution of litter beetles (see Chapter 4), 
affects a temporal pattern. This was done to 
distinguish between a seasonal difference and 
an environmental factor mediated difference in 
species density and abundance. Third, I ana-
lyzed beetle data, which were sampled using 
pitfall traps in one old-growth forest stand. 
Thereby, the aim was to estimate, to which ex-
tent the litter sifting data reflected the data ob-
tained from the pitfall trap sampling rather than 
to study the seasonality of single species. To 
accomplish these aims I answered the following 
questions: 
(1) Do species density, abundance and compo-
sition of beetle species, sampled by litter 
sifting, differ between two seasonally dif-
ferent points in time? 
(2) Do beetle assemblages sampled by litter 
sifting at different points in time show the 
same patterns along successional stages? 
(3) Does litter volume affect the seasonal spe-
cies density pattern? 
(4) What is the observed seasonal pattern for 
beetles sampled with pitfall traps? 
(5) Is the “pitfall trap fauna” different to the 
“Winkler fauna”? 
5.2 Material & Methods 
Study sites and design 
Serra do Itaqui reserve 
I used the chronosequence installed in the Serra 
do Itaqui reserve (see 2.2, page 17-25) to inves-
tigate the temporal variability in beetle occur-
rences sampled by litter sifting and Winkler 
extraction. Beetles were sampled in each study 
site at two sampling dates: once in April 2007 
and once in August 2007 (data of August were 
also used in Chapter 3 and 4). These sampling 
dates were chosen, because of two important 
reasons: First, April, which marks the end of 
the hot wet season and the beginning of the 
cool dryer season, and August, which 
represents the end of the cool dryer season, are 
two seasonally different points in time, varying 
strongly in their environmental conditions (Ap-
pendix 6.b) Second, the lower precipitation in 
these months, in particular the increase of days 
without rain, allows for a quantitative sifting of 
leaf litter and sets suitable conditions for ex-
tracting beetles using the Winkler technique. 
The efficiency of litter sifting strongly depends 
on the moisture content of the leaf litter. If the 
litter is too moist, due to previous rain events, 
neither the sifting of the leaf litter nor the ex-
traction of the leaf litter, through drying in the 
Winkler bags, can be conducted adequately. 
Hence, this method can only be applied when 
there has been no rain the previous day. Thus, 
to insure a short time period between the sam-
pling of the different study sites (to avoid bias 
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due to shifts in environmental conditions during 
the approximately 2-3 week sampling period), 
months with several dry days had to be chosen.  
 
The beetles were sifted from leaf litter of twen-
ty 1-m2 quadrates per study site, as explained in 
2.3.1 (pages 27-28). The nine beetle families 
(Staphylinidae, Curculionidae, Carabidae, Te-
nebrionidae, Eucinetidae, Leiodidae, Endomy-
chidae, Hydrophilidae and Cerylonidae) also 
investigated in Chapter 3 and 4 were used to 
characterize species density (= estimated num-
ber of species per area, see Chapter 1), abun-
dance and assemblage composition of each 
study site. All sampled individuals, with the 
exception of Aleocharinae, Pselaphinae (Sta-
phylinidae) and Scolytinae (Curculionidae) 
were sorted to morphospecies or, if possible, to 
species. 
 
Rio do Cachoeira reserve 
Beetles were sampled using pitfall traps and by 
litter sifting in one old-growth forest stand of 
the Rio do Cachoeira reserve (C3F see Table 
2.1, page 18). Litter sifting was conducted from 
June to July 2003. The beetles were sifted from 
leaf litter of twenty 1-m2 quadrates (for more 
details of the sampling method see Chapter 2, 
section 2.3.1, pages 27-28). The pitfall trap 
sampling was conducted from March 2007 to 
July 2008 (2.3.1, pages 27-28). Traps were ac-
tivated (= opened and filled with killing agent) 
every month for one week making a total of 
2856 trapping hours (for more details of the pit 
fall trap sampling design see Chapter 2, section 
2.3.1, page 27-28). Traps were emptied after 
each sampling week to ensure a comparison of 
the monthly catches. Data from September and 
October 2007 had to be excluded from the 
analysis, because several traps were destroyed 
by animals and flooded by rain fall, which re-
sulted in small incomplete and, therefore, unre-
liable catches.  
 
Data analysis 
Shapiro-Wilk test for normality (Shapiro and 
Wilk 1965) and Levene’s tests for homogeneity 
of variances (Schultz 1985) were conducted to 
examine the data structure, which determined 
subsequent analyses, using the software pack-
age Sigma Plot (Systat Software Inc. 11.0, San 
Jose, USA).  
 
Temporal variability of the “Winkler fauna” 
To compare the species densities of the two 
sampling dates (Itaqui: April and August) in 
each study site I estimated the total number of 
beetle species per 20 m2 for each study site-
sampling date combination using the Jackknife 
1 richness estimation (Heltshe and Forrester 
1983), which is implemented in the computer 
program PCOrd 5 (McCune and Mefford 
1999). The cumulated number of individuals of 
twenty 1-m2 samples per study site was used to 
compare the abundances between the two sam-
pling dates. Fishers LSD post hoc test was con-
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ducted for every forest stage to test for statisti-
cal difference between the sampling dates on a 
stage level. Additionally, pairwise t-tests were 
conducted to test for statistical difference be-
tween the sampling dates on a site level (SPSS 
17, Chicago, Ill, USA). Pattern of similarity in 
assemblage composition among forest stages 
and sampling dates were analyzed using multi- 
response permutation procedure (MRPP) and 
were visualized using nonmetric multi-
dimensional scaling (NMDS) ordination based 
on square root transformed data to down weight 
abundant species and Bray-Curtis distance 
measure (PCOrd version 5, McCune and Mef-
ford 1999). The pattern of significant changes 
in species assemblages between the succes-
sional stages, obtained by MRPP, were com-
pared between the two sampling dates to evalu-
ate to which extent the two different data sets 
concur in their resulting recovery pattern for 
beetles along the regeneration process. 
 
Relationship of litter volume to species density 
at the two sampling dates 
To evaluate the influence of litter volume on 
differences in species density between the two 
sampling dates (Itaqui: April and August), I 
compared the mean litter volume of 20 m2 for-
est floor per forest stage on a stage level using 
Fisher`s LSD post hoc tests. However, calculat-
ing the average litter volume of each sampling 
date on the basis of three replicates per stage 
could mask differences occurring on site level 
through high intra-site differences, which ex-
ceeds the site specific temporal differences. 
Therefore, as the effect of litter volume on spe-
cies density at two sampling dates cannot be 
tested directly for each study site, using a two-
way ANOVA (more than two values needed), I 
conducted a linear regression analysis on basis 
of the single sites and tested for significant dif-
ferences between the sampling dates on a site 
level using a pairwise t-test. 
 
Temporal variability of the “pitfall trap fauna” 
Number of species and activity abundance were 
compared between the different sampling dates 
(= month) on the basis of: (1) All sampled 
beetle species (with the exception of Scydmae-
nidaes, which were excluded from this study 
due to uncertainties in the determination). (2) 
Only the beetle species, which belong to the 
beetle families also identified to species level 
by litter sifting (see Chapter 2, section 2.3.1). 
For this, the catches of the ten pitfall traps were 
summed for each monthly sampling period. To 
evaluate the data quality and to verify if the 
monthly sampled numbers are biased by fluctu-
ations in the completeness of the sampled data 
set, sample completeness were given for each 
month by dividing the number of species cap-
tured through the estimated total number of 
beetles calculated using the Jack 1 estimation 
(EstimateS). Additionally, captures per trap 
were given for single species, which showed 
high abundances and featured a noticeable ab-
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undance pattern. This was done to get a hint if 
differences in abundance are related to high 
numbers of catches in single traps and therefore 
could be coincidental rather than real abun-
dance peaks.  
Differences in composition between wet season 
and dryer season were analyzed using hierar-
chical cluster analysis on the basis of the rela-
tive Sorensen (relativized Manhattan coeffi-
cient) distance measure and farthest neighbor 
(complete linkage) as group linkage method 
(PCOrd 5). With the relative Sorensen measure, 
sites with similar community structure but dif-
ferent overall abundances are considered simi-
lar. I used the Sorensen measure as it demon-
strated to have a robust monotonic relationship 
with true ecological distances when tested with 
simulated data (Faith et al. 1987). Besides, the 
relative measure was used, to down weight the 
activity effect (= more active beetles were sam-
pled in higher abundances) in relation to the 
occurrence of species.  
 
Comparison of pitfall traps and litter sifting  
To evaluate to which extent pitfall traps catch 
species not recognized by litter sifting, I ex-
plored, which species cached with pitfall traps 
were also found by litter sifting in: (1) The 
same site (C3F) in June-July 2003, (2) the old-
growth forest sites of Itaqui in August 2007, (3) 
the old-growth forest sites of Itaqui in April 
2007 and (4) in any other study site of Cachoei-
ra and Itaqui (secondary forests).  
 
 
Figure 5.1: Estimated total species density in leaf litter of 20 m2 forest floor at two different sampling dates in secon-
dary forests and old-growth forests in submontane Atlantic forests of the Serra do Itaqui reserve, Brazil. Beetles were 
sampled using the Winkler technique. Each study site (square: site 1, circle: site 2, triangle: Site 3) of the different forest 
stages (Stage 1-4) was separately analyzed for sampling in April 2007 (full symbols) and August 2007 (open symbols). 
Species numbers are displayed as Jackknife 1 (Jack 1) estimation with standard deviation of the Jack 1 estimation.  
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5.3 Results 
Beetle data 
A total of 3230 beetles and 151 species were 
extracted from 440 m2 leaf litter in different 
forest stages of the Serra do Itaqui reserve us-
ing the Winkler technique (Appendix A.1). 
Most abundant species were Xystosomus tholus 
(Carabidae, 616 individuals), Thinocharis sp.1 
(391 individuals) and Echiaster sp.1 (351 indi-
viduals, both Paederinae, Staphylinidae). 
With 57.6 % (87 species), a high amount of 
species was found as singletons and doubletons. 
In 2856 hours of pitfall trapping, using ten traps 
in one old-growth forest site over a time period 
of one and a half years (03.2007 - 07.2008), I 
sampled a total of 774 beetles representing 81 
species. Most abundant families were Curcu-
lionidae (216 individuals), in particular Scoly-
tinae (189), Staphylinidae (171), Hydrophilidae 
(96), Scarabaeidae (90) and Nitidulidae (85). 
Most abundant species were Scolytinae MS 4 
(110 individuals), Hydrophilidae MS 3 (80) and 
Aleocharinae MS 55 (75). The proportion of 
singletons and doubletons using pitfall traps 
was similar high (with 54 %) to that obtained 
by litter sifting. 
 
Temporal variability of “Winkler” fauna 
Species density and abundance 
Species densities estimated for 20 m2 forest 
floor were, with the exception of one old-
growth forest site, in all sites lower in April 
than in August (Figure 5.1).  
 
 
 
 
Figure 5.2: Beetle abundances of 20 m2 at two different sampling dates in secondary forests and old-growth forests in 
submontane Atlantic forests of the Serra do Itaqui reserve, Brazil. Each study site of the different forest stages (Stage 1-
4) was separately analyzed for sampling in April 2007 (full bars) and August 2007 (open bars). Abundances are dis-
played as cumulative number of individuals for 20 1-m2 samples. 
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Furthermore, Stages 3 and 4 showed no signifi-
cant difference between each other independent 
of the sampling date (Appendix 6.c). However, 
a NMDS ordination, which only considered 
Stages 3 and 4, indicated slight differences bet-
ween the sites sampled in August compared to 
April (Figure 5.4). Together, beetle data col-
lected in April revealed the same pattern of 
significant differences in beetle assemblages 
between the successional stages than data col-
lected in August. Accordingly, the data of April 
showed no statistical difference between Stages 
1 and 2 (MRPP, n = 3, p = 1.0) and Stages 3 and 
4 (MRPP, n = 3, p = 0.82), but a significant shift 
in species composition between Stages 1, 2 and 
Stages 3, 4 (MRPP, n = 3, Stage 1 vs. 3/4: p = 
0.02, 2 vs. 3/4 p = not computable) (see also 
Chapter 3). 
 
Figure 5.5: Box plots of leaf litter volume per m2 in 
different successional stages of Itaqui reserve at two 
different sampling dates (August: white bars; April: grey 
bares). The central horizontal line in the box marks the 
median of the values; the box edges the first and third 
quartile. The interquartile range within the box includes 
the central 50 % of the values. Stars are the arithmetic 
mean. Each box contains 20 values of three replicate 
sites, making a total of 60 values.  
Relationship of litter volume to species density 
at the two sampling dates 
Means of the litter volume of 1-m2 forest floor 
were lower for all forest stages in April com-
pared to August (Figure 5.5). However, due to 
pronounced differences between the replicate 
sites this pattern was not statistically significant 
for any of the forest stages (LSD test, n = 3; 
Stage 1: p = 0.06, Stage 2: p = 0.18, Stage 3: p 
= 0.25, Stage 4: p = 0.39).  
 
 
 
Figure 5.6: Spearman rank correlation of litter volume 
and the estimated number of species per 20 m2 in repli-
cate sites (a-c) of different successional stages (1-4) and 
two different sampling dates (full circles: April, open 
squares with red labels: August). 
 
Spearman rank analysis, relating the estimated 
total number of species of 20 m2 forest floor to 
the leaf litter volume of 20 m2 forest floor, re-
vealed that: (1) In all sites, with the exception 
of one old-growth forest site; more leaf litter 
was collected in August than in April. (2) The 
estimated number of species at all sites and 
both sampling dates showed clearly a linear 
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Figure 5.8: Activity abundance curves for species sampled with pitfall traps in an old-growth forest from March 2007 
to July 2008. Curves are presented for abundant species, which do not occur in the dryer season between June and Oc-
tober (a, top) and which occurred in all seasons (b, down). Data for September and October 2007 are missing due to 
water and animal related sampling errors. 
 
 
Only considering the beetle families studied by 
leaf litter sifting (= reduced data set) resulted in 
similar curves among the months; however, no 
abundance peak in February was observed 
(Figure 5.7b). The total number of species mir-
rored the activity abundances; but, fluctuated 
less among the months (Figure 5.7a). This pat-
tern was comparable for the reduced data set 
(Figure 5.7b). Similar sample completeness 
between 57 to 70 % (with one exception: July 
2007: 85 %) indicated that this pattern was not 
biased by differences in the sampling accuracy 
of the monthly data sets (Figure 5.7a). Activity 
abundance curves for single species showed 
that only few abundant species occurred only in 
the rainy and the intermediate season but failed 
in the dryer season (Figure 5.8a). Thereby, Del-
tochilum sp.1 (Scarabaeidae) showed a clear 
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Table 5.1: Comparison of beetle species (Curculionidae, Leiodidae, Carabidae, Staphylinidae, Tenebrionidae, Endomy-
chidae, Eucinetidae and Hydrophilidae), captured with pitfall traps in one old-growth forest in Cachoeira reserve with 
beetle species found by litter sifting in a) the same sites, b) old-growth forests of Itaqui reserve sampled in August 2007, 
c) old-growth forests of Itaqui reserve sampled in April 2007 and d) all other successional stages sampled by litter sift-
ing 2003 in Cachoeira and 2007 in Itaqui. The pitfall trap catches were subdivided into four seasonal segments: wet 
season, intermediate months between wet season and dryer season, dryer season and intermediate months between dryer 
season and wet season. Catches in any month of a seasonal segment or by litter sifting at different sampling dates and 
successional stages are indicated by check marks, independent of the number of individuals found. Species which were 
also found by litter sifting 2003 at the same study site are highlighted in green. Species which were found in months of 
the wet season with pitfall traps as well as by litter sifting in any forest stage in Itaqui were highlighted in blue. Species 
which were not found in months of the wet season but in months of one of the other seasonal segments and by litter 
sifting in any forest stage of Itaqui were highlighted in brown. 
Species Family found in   
    pitfall trap   litter sifting 
(Stage 4, Cachoeira Jul 2003) 
 
    wet season intermediate dryer season intermediate   Stage 4 (C3F)  Stage 4  Stage 4 other  
    Dec-March April-May June-Sept Okt-;ov   Cachoeira Aug-07 Itaqui Aug-07 Itaqui-Apr-07 sites 
Ithaura anaspis Curculionidae     
 
    
Tylodina MS 13 Curculionidae     
 
    
Eucatops sp.1 Leiodidae     
 
    
Apenes sp.1 Carabidae           
Anotylus sp.1 Staphylinidae           
Dibelonetes sp.1 Staphylinidae     
  
    
Thinocharis sp.1 Staphylinidae           
Jentozkus sp.1 Eucinetidae     
  
    
Molytina MS 2 Curculionidae     
 
    
Tylodes sp.1 Curculionidae     
 
    
Paulipalpina sp.1 Leiodidae           
Anaedus sp.2 Tenebrioinidae           
Anaedus sp.3 Tenebrioinidae           
Echiaster sp.1 Staphylinidae           
Platydema sp.1 Tenebrioinidae           
Ibicarella sp.1 Endomychidae           
Xenaster sp.1 Staphylinidae           
Conotrachelus sp.1 Curculionidae     
 
    
Dibelonetes sp.4 Staphylinidae           
Acarotopus sp.1 Staphylinidae           
Loxandrus sp.3 Carabidae           
Thinocharis sp.2 Staphylinidae           
Paratachys sp.2 Carabidae           
Pentagonica sp.2 Carabidae           
Leiodidae MS 2 Leiodidae           
Cryptorhyn. MS 9 Curculionidae     
 
    
Tylodina MS 12 Curculionidae     
 
    
Anaedus sp.6 Tenebrioinidae     
 
   
1
 
Anotylus sp.5 Staphylinidae     
  
    
Hydroph. MS 3 Hydrophilidae           
Hydroph. MS 4 Hydrophilidae           
Hydroph. MS 5 Hydrophilidae           
Hydroph. MS 6 Hydrophilidae           
Thinocharis sp.4 Staphylinidae           
Tachyporinae MS 4 Staphylinidae           
Thoracophorus sp.4 Staphylinidae           
Euaestethinae MS 1  Staphylinidae           
Xantholini MS 2 Staphylinidae           
Apenes sp.2 Carabidae           
Pterostichini MS 1 Carabidae           
Anotylus sp.6 Staphylinidae           
Cryptorhyn. MS 10 Curculionidae     
 
    
Curculionidae MS 1 Curculionidae     
 
    
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Species not found with litter sifting but cap-
tured with pitfall traps (of the 43 species) were 
mainly catched in low abundances. Except for 
Pterostichini MS1, none of these species fea-
tured a notably larger body size than species of 
the same family found by litter sifting. 
The species collected with pitfall traps which 
were not recognized by litter sifting belonged to 
the Scolytinae (Curculionidae), Histeridae, Ni-
tidulidae, Cincindelidae and Aleocharinae (Sta-
phylinidae). As Scolytinae, Nitidulidae and 
Aleocharinae were also frequently sampled by 
litter sifting but not further determined, these 
species cannot be compared between the two 
sampling methods. However, no histerid (2 
species found with pitfall traps), cincindelid (1 
species) and scarabaeid (9 species) species 
were sampled by litter sifting at any sampling 
date, successional stage and location.  
 
 
5.4 Discussion 
Temporal variability of the “Winkler” fauna 
Species density and abundance of litter beetles 
clearly differed between the two sampling 
dates: April and August. Surprisingly, more 
species with more individuals were sampled in 
August compared to April. This was quite un-
expected, as April is temporally much closer to 
the wet season, which was often shown to have 
higher species richness and abundance in tropi-
cal forests - at least at the beginning and the 
end of the wet season - compared to dryer 
phases throughout the year. Such increase of 
abundance and species richness towards the wet 
season was, for example, shown for Chrysome-
lids in Araucaria forests (Linzmeier and Ribei-
ro-Costa 2008), arboreal beetles of the tree Lu-
ehea seemannii in the canal zone of Panama 
(Erwin and Scott 1980) or dung beetles in Cos-
ta Rican deciduous forests (Janzen 1983) and 
Mexican tropical dry forests (Andresen 2005). 
Reasons for the increase of abundance and spe-
cies richness around the wet season were given 
by (1) a higher availability of food resources, 
such as the flush of new leafs (Boinski and 
Fowler 1989) or flowers (Kato et al. 2000), 
which often occurs at the beginning and the end 
of the wet season, (2) subsequent occurrences 
of predators through the increase of the abun-
dance of its prey (Wolda 1978) or (3) rainfall 
adapted reproduction cycles (Hanski and Cam-
beford 1991). In contrast to these results, Grim-
bacher and Stork (2008), who studied the sea-
sonality of beetles using Malaise and flight-
interception traps in an Australian rainforest, 
found that although individual species were 
patchy in their temporal distribution, a wet sea-
son peak of insect activity could not be ob-
served. They suggested that this could be due to 
a missing uniform pattern of insect seasonality 
for the humid tropics. Nevertheless, they 
pointed out that canopy-caught and larger 
beetles (> 5 mm) showed greater seasonality 
and peaked later in the year compared to small-
er or ground-caught beetles. Erwin and Scott 
(1980) suggested that water loss, not heat build-
up, could be an important factor governing 
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tropical arthropod size and size related occur-
rences throughout the year; meaning that larger 
beetles are more susceptible to water loss and 
therefore will occur more abundantly during the 
wet season to avoid water stress and to be more 
competitive. Boinski and Fowler (1989), who 
investigated foliage phenology and arthropod 
abundance in a regenerating lowland rainforest 
of Costa Rica also found that in contrast to ar-
boreal arthropods, the arthropod fauna of dead, 
suspended leafs showed little seasonality.  
The result of the present study that in spite of 
differences in species density and abundance, 
the assemblage composition of mature forests is 
stunningly similar between the two sampling 
dates indicating that most species of mature leaf 
litter beetle assemblages occur at both dates is 
in good concordance with the findings and as-
sumptions of the other studies mentioned 
above. Together with results of the pitfall trap 
sampling (Figure 5.7b), one can suggest that the 
micro beetle assemblages of Atlantic forest leaf 
litter vary to some degree throughout the year, 
but showing little seasonal trend (also see 
Smythe 1982). Thereby, clear differences be-
tween the two sampling dates of the young re-
generation stages (Stage 1 and 2) reflects the 
differences between the replicate sites at the 
same sampling date and, therefore, are most 
probably related to other reasons than the tem-
poral dynamics of their inhabiting species (see 
Chapter 3). Accordingly, the recovery pattern 
of species density and species composition dur-
ing forest regeneration was very similar at the 
two sampling dates; moreover, the species 
composition was almost identical. Thus, I sug-
gest that sampling at different points in time 
using the Winkler technique and focusing on 
small litter inhabiting beetles, not only reveals 
identical ecological pattern (in this case along 
forest regeneration) but also that these pattern 
are identified by very similar data sets, whose 
differences are more likely influenced by sam-
ple incompleteness than by strong differences 
in their assemblage composition.  
But why did I find such great differences in 
species density and abundance between the 
sampling dates? I found an explanation for the 
difference in species density by measuring litter 
volume, which already showed to substantially 
affect species density along the successional 
gradient (see Chapter 4). Spearman rank corre-
lations revealed that species density (Figure 
5.6) and abundance (data not shown) were li-
near correlated to the amount of leaf litter, in-
dependent of the sampling date, and that in Au-
gust much more leaf litter was collected per m2 
than in April. Thus, a strong interconnection 
between litter quantity and beetle occurrences 
seems to mediate abundance and species densi-
ty not only along a successional gradient, but 
also among seasonal variations of this physical 
parameter. Nevertheless, a higher amount of 
leaf litter in August can be either a meaningful 
part of the temporal diversity pattern within 
tropical forests or be a sampling artifact, as 
sampling methods can always be affected by 
operator bias. As both samplings were con-
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ducted by the author using the same equipment 
and extraction protocol and as the seasonal dif-
ferences in abundance are very high and as-
sumed to highly exceed the level of sampling 
inexactness, I rate operator related bias on the 
result as negligible. Additionally, many studies 
showed that litterfall in tropical forests features 
a clear seasonal pattern, with generally higher 
litterfall in the dryer season compared to the 
wet season (Boinski and Fowler 1989, 
Martínez-Yrízar and Sarukhán 1990, Wieder 
and Wright 1995; but see Dickow 2010). It in-
dicates that higher litterfall in the months of the 
dryer season may provide more habitable sub-
strate for litter inhabiting beetles and results in 
higher abundances and species densities with-
out generally altering the beetle assemblage 
composition. This is supported by low abun-
dances of the most additional species and by 
the presence of the most dominant species at 
both sampling dates. However, the fact that 
Diekow (2010) found higher litterfall during 
and at the end of the wet season in different 
stages of dune associated broad-leaf forests 
situated close to the study area makes clear that 
further research has to be undertaken to truly 
understand the interaction between fluctuations 
in litterfall, litter volume and leaf litter beetle 
diversity in Brazilian Atlantic forests. 
 
Comparison of Winkler fauna” and “pitfall 
trap fauna” 
Winkler extraction and pitfall traps are two 
commonly used sampling methods to explore 
epigeal beetle assemblages. In temperate re-
gions pitfall traps were frequently used to study 
larger ground related beetles, such as carabids 
(e.g., Niemelä et al. 1993, Heliölä et al. 2001). 
The Winkler technique was often used to sam-
ple less mobile, small bodied beetles, such as 
weevils (Besuchet et al. 1987). Thereby, the 
Winkler extraction clearly lacks a great portion 
of the beetle community, as the usage of a 
beetle sieve with a distinct mesh size of ~1 cm 
per se exclude larger beetles. In contrast, the 
ten pitfall traps I installed in one Brazilian At-
lantic old-growth forest sampled surprisingly 
few individuals and species. Summing up all 
pitfall trap catches from June (2007, 2008), July 
(2007, 2008) and August (2008), only consider-
ing the subset of 9 beetle families mainly stu-
died in this thesis, I found in 840 trapping hours 
with 21 species and 365 individuals much less 
beetle species and only slightly more individu-
als than with Winkler extraction in litter of 20 
m2 forest floor sampled in June-July 2003 (64 
species, 301 individuals). Furthermore, over 60 
% of the total number of species (summed 
among all months) of these 9 beetle families 
sampled using pitfall traps were also sampled 
by Winkler extraction. Although surely more 
larger beetles would be found by expanding the 
sampling effort, it indicates that the local leaf 
litter beetle fauna is mainly constituted of small 
(1 – 3 mm) to very small (< 1 mm) beetles, 
featuring moderate to low surface mobility. 
This is congruent with findings of Hanagarth 
and Brändle (2001) and Didham et al. (1998), 
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who studied soil and litter inhabiting beetles in 
Amazonian forests. Additionally, it assumes 
that, whereas pitfall samples in the same area 
obviously add additional species by sampling 
throughout the year, most of these species 
would probably have already been obtained by 
the Winkler technique. This seems to be true 
for many beetle families in tropical forest litter, 
including the beetle families I have chosen in 
this thesis; but, did not apply for some beetle 
families, which feature larger species, such as 
Cincindelidae, Scarabaeidae, Nitidulidae or 
Histeridae as well as families which are known 
to strongly depend upon high moisture levels, 
such as some Hydrophylidae.  
Thus, pitfall trapping seems to be essential if 
aiming to obtain a preferably complete species 
inventory of these families. However, the pitfall 
trap data failed to display a reliable picture of 
the beetle assemblages in leaf litter of different 
forest ecosystems. Many very abundant beetle 
species were not sampled or only in very low 
abundances suggesting enormous effort to get 
data sets, which are statistically analyzable. 
Hence, being aware of the exclusion of larger 
and wet season occurring beetle species, the 
Winkler method reveals a much better picture 
of the litter inhabiting beetle community.  
 
Suitability and reliability of snapshot sam-
pling using Winkler extraction  
It is common knowledge that the choice of the 
sampling method strongly influences the result-
ing faunal assemblages (Kitching et al. 2001). 
Thus, the sampling method has to be chosen 
carefully when aiming to explore ecological 
pattern for distinct faunal assemblages, which 
should give basic data for conservation strate-
gies. This is not only true for tropical forests, 
but gains particular importance when examin-
ing ecological pattern for faunal groups yet 
little studied, such as micro-beetle assemblages 
in Brazilian submontane Atlantic forest ecosys-
tems.  
This study provides the first results of compar-
ing Winkler extraction and pitfall trap sampling 
for studying litter inhabiting beetle assemblages 
in Atlantic forests. My results revealed that 
Winkler extraction during the dryer season pro-
vides a suitable approach to study general eco-
logical patterns of litter inhabiting beetle as-
semblages. Thereby, similar results at two sea-
sonally different points in time suggest that data 
obtained at one point in time are reliable and 
not strongly biased by seasonal dynamics of 
species presence and abundance. The strong 
relationship of the beetle data to litter volume 
confirms the important modulating character of 
this variable for species density and abundance, 
which seems to be stronger than species related 
seasonal dynamics, such as reproduction cycles. 
However, pitfall traps provide important addi-
tional information about the beetle assemblag-
es, which includes seasonal activity pattern of 
single species and temporal fluctuations in the 
assemblage composition, and are particular 
important for studying larger beetles, such as 
tiger beetles or dung beetles. Thus, a combina-
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tion of both methods is strongly recommended 
when time and manpower allow a comprehen-
sive beetle survey. Additionally, the inclusion 
of long-term data makes a survey less prone to 
temporary phenomena, which could influence 
the sampling output. For example, only few 
beetles were sampled during an additional 
beetle sampling in Cachoeira from June-July 
2007, which I assumed to be affected by very 
low night temperatures of 4-5° C, which may 
had a negative effect on the extraction efficien-
cy and the presence of beetles in the litter layer. 
Nevertheless, the results of this study clearly 
support assumptions of other studies, such as 
from Bancila and Plaiaşu (2009), who studied 
the efficiency of Winkler extraction and pitfall 
trapping for studying harvestmen assemblages. 
They highlighted that if the aim of the study is 
to analyze the community patterns Winkler 
extraction could be more efficient then pitfall 
traps, but pitfall traps sample additional species 
not sampled with Winkler extraction. Thus, the 
choice of the sampling method should be ap-
plied depending on the aim of the investigation. 
 
 
 
 
 
5.5 References 
Adis J (1979) Problems of interpreting arthropod sam-
plings with pitfall traps. Zoologischer Anzeiger 
Jena 202:177–184  
Andresen E (2005) Effects of season and vegetation type 
on community organization of dung beetles in a 
tropical dry forest. Biotropica 37:291–300 
Anu A, Sabu TK, Vineesh PJ (2009) Seasonality of litter 
insects and relationship with rainfall in a wet ever-
green forest in south Western Ghats. Journal of In-
sect Science. 10pp. Journal of Insect Science 9:46, 
available online: insectscience.org/9.46 
Bancila RI, Plaiaşu R (2009) Sampling efficiency of 
pitfall traps and Winkler extractor for inventory of 
the harvestmen (Arachnida: Opilionidae). Trav. 
Inst. Spéol. «Émile Racovitza», t. XLVIII, p. 59–67 
Besuchet C, Burckhardt DH, Löbl I (1987) The „Wink-
ler/Moczarski” eclector as an efficient extractor for 
fungus and litter coleoptera. The Coleopterists 
Bulletin 41(4):392–394 
Boinski S, Fowler NL (1989) Seasonal pattern in a tropi-
cal lowland forest. Biotropica 21(3):223–233 
Bonte D, Baert L, Maelfait JP (2002) Spider assemblage 
structure and stability in a heterogeneous coastal 
dune system (Belgium). Journal of Arachnology 
30:331–343  
Denlinger DL (1980) Seasonal and annual variation of 
insect abundance in the Nairobi national park, 
Kenya. Biotropica 12(2):100–106 
Dieckow KMC (2010) Deposição, decomposição e 
ciclagem de fitomassa e nutrientes da serapilheira, 
em sucessão secundária na floresta atlântica, 
Antonina, PR. Disseration. University of Curitiba 
(UFPR)  
Didham RK, Hammond PM, Lawton JH, Eggleton P, NE 
Stork (1998) Beetle species responses to tropical 
forest fragmentation. Ecological Monographs 
68:295–323 
Eberhardt LL, Thomas JM (1991) Designing environ-
mental field studies. Ecological Monographs 
61(1):53–73 
Erwin T, Scott JC (1980) Seasonal and size patterns, 
trophic structure and richness of Coleopterain the 
arboreal tropical ecosystem: The fauna of the tree 
Luehea semannii Triana and Planch in the canal 
zone of Panama. The Coleopterists Bulletin 
34(3):305–322 
Faith DP, Minchin PR, Belbin L (1987) Compositional 
dissimilarity as a robust measure of ecological dis-
tance. Plant Ecology 69:57–68 
Finn JNA, Gittings T, Giller PS (2001) Spatial and tem-
poral variation in species composition of dung 
beetle assemblages in Southern ireland. Ecological 
Entomology 24(1):24–36 
Temporal Variability of Beetle Assemblages 
 
 
108 
Fisher BL, Robertson HG (2002) Comparison and origin 
of forest and grassland ant assemblages in the High 
Plateau of Madagaskar (Hymenoptera: Formicidae). 
Biotropica 34(1):155–167 
French BW, Elliott NC (1999) Spatial and temporal dis-
tribution of ground beetle (Coleoptera: Carabidae) 
assemblages in riparian strips and adjacent wheat 
fields. Environmental Entomology 28(4):597–601 
Grimbacher PS, Stork NE (2008) Seasonality of a diverse 
beetle assemblage inhabiting lowland tropical rain 
forest in Australia. Biotropica 41(3):323–337 
Hanagarth W, Brändle M (2001) Soil beetles (Coleopte-
ra) of a primary forest, secondary forest and two 
mixed poly-culture systems in central Amazonia. 
Andrias 15:155–162 
Hanski I, Cambeford Y (1991) Dung beetle ecology. 
Princeton University Press, Princeton, NJ, USA 
Halsall NB, Wratten SD (1988) The efficiency of pitfall 
trapping for polyphagous predatory Carabidae. Eco-
logical Entomology 13:293–299 
Heliölä J, Koivula M, Niemelä J (2001) Distribution of 
carabid beetles (Coleoptera, Carabidae) across a bo-
real forest-clearcut ecotone. Conservation Biology 
15:370–377 
Heltshe JF, Forrester NE (1983) Estimating species rich-
ness using the Jackknife procedure. Biometrics 
39:1–11 
Hurlbert SH (1984) Pseudoreplication and the design of 
ecological field experiments. Ecological Mono-
graphs 54(2):187–211 
Ivanov K, Keiper J (2009) Effectiveness and biases of 
Winkler litter extraction and pitfall trapping for col-
lecting ground-dwelling ants in northern temperate 
forests. Environmental Entomology 38(6):1724–
1736 
Janzen DH (1983) Seasonal change in abundance of 
large nocturnal dung beetles (Scarabaeidae) in a 
Costa Rican decidious forest and adjacent horse 
pasture. Oikos 41:274–283  
Jay-Robert P, Lumaret JP, Lebreton JD (2008) Dung 
beetle assemblages and their relationships with en-
vironmental factors (Aphodiinae: Geotropinae: Sca-
rabaeinae). Annals of the Entomological Society 
of America 101(1):58–69 
Kato M, Itioka T, Sakai S, Momose K, Yamane S, Ha-
mid AA, Inoue T (2000) Various population fluctu-
ation patterns of light-attracted beetles in a tropical 
lowland dipterocarp forest in Sarawak. Population 
Ecology 42(1):97–104  
Kim KC (1993) Biodiversity, conservation and invento-
ry: why insects matter. Biodiversity and Conser-
vation 2(3):191–214 
Kitching RL, Li D, Stork NE (2001) Assessing biodiver-
sity “sampling packages”: How similar are arthro-
pod assemblages in different tropical rainforests? 
Biodiversity and Conservation 10:793–813 
Lang A (2000) The pitfalls of pit falls. A comparison of 
pitfall trap catches and absolute density estimates of 
epigeal invertebrate predators in arable land. An-
zeiger für Schädlingskunde 73(4):99–106 
Linzmeier AM, Ribeiro-Costa CS (2009) Spatio-
temporal dynamics of Alticini (Coleoptera, Chry-
somelidae) in a fragment of Araucaria Forest in the 
state Parana, Brazil. Revista Brasileira de Ento-
mologia 53:294–299  
Linzmeier AM, Ribeiro-Costa CS (2008) Seasonality and 
temporal structuration of Alticini community (Co-
leoptera, Chrysomelidae, Galerucinae) in the Arau-
caria forest of Parana, Brazil. Revista Brasileira de 
Entomologia 52:289–295  
Marinoni RC, Ganho NG (2003) Sazonalidade de 
0yssodrysina lignaria (Bates) (Coleoptera, 
Cerymbicidae, Lamiinae), no Estado do Paraná, 
Brasil. Revistra Brasileira de Zoologia 20:141–
152 
Martelli MG, Ward MM, Fraser MA (2004) Ant diversi-
ty sampling on the Southern Cumberland Plateau: A 
comparison of litter sifting and pitfall trapping. 
Southeastern ;aturalist 3(1):113–126 
Martínez-Yrízar A, Sarukhán J (1990) Litterfall patterns 
in tropical decidious in Mexico over a five year pe-
riod. Journal of Tropical Ecology 6:438–444 
McCune, B. and M. J. Mefford (1999) PC-ORD. Multi-
variate Analysis of Ecological Data. Version 5.0 
MjM Software, Gleneden Beach, Oregon, USA  
Melbourne BA (1999) Bias in the effect of habitat struc-
ture on pitfall traps: an experimental evaluation. 
Australian Journal of Ecology 24:228–239  
Mols PJM (1993) Walking to survive: foraging beha-
viour of the carabid beetle Pterostichus coerules-
cens L. (Poecilus versicolor Sturm) at different den-
sities and distributions of the prey, (Part 2) Thesis 
Wageningen Agricultural University. Netherlands, 
p. 104–203 
Morrill WL, Lester DG, Wrona AE (1990) Factors af-
fecting efficiency of pitfall traps for beetles (Co-
leoptera: Carabidae and Tenebrionidae). Journal of 
Entomological Science 25(2):284–293 
Temporal Variability of Beetle Assemblages 
 
 109 
Niemelä J, Langor D, Spence JR (1993) Effects of clear-
cut harvesting on boreal ground beetle assemblages 
(Coleoptera, Carabidae) in Western Canada. Con-
servation Biology 7:551–561 
Olsen DM (1991) A comparison of the efficacy of litter 
sifting and pitfall traps for sampling leaf litter ants 
(Hymenoptera, Formicidae) in a tropical wet forest, 
Costa Rica. Biotropica 23(2):166–172 
Parr C, Chown SL (2001) Inventory and bioindicator 
sampling: testing pitfalls and Winkler methods with 
antsin a South African Savanna. Journal of Insect 
Conservation 5(1):27–36 
Raworth DA, Choi MY (2001) Determining numbers of 
active carabid beetles per unit area from pitfall trap 
data. Entomologia Experimentalis et Applicata 
98:95–108 
Riecken U (1999) Effects of short-term sampling on 
ecological characterization and evaluation of epi-
geic spider communities and their habitats for site 
assessment studies. Journal of Arachnology 27: 
189–195  
Schultz BB (1985) Levene’s test for relative variation. 
Systematic Zoology 34:449–456 
Shapiro SS, Wilk MB (1965) An analysis of variance test 
for normality (complete samples). Biometrika 
52:591–611 
Smythe N (1982) The seasonal abundance of night-flying 
insects in a neotropical forest. pp 309–318. In: 
Leigh EG Jr., Rand AS, Windsor DM (eds) The 
ecology of a tropical forest. Smithsonian Institution 
Press, Washington, DC, USA  
Stork NE (1994) Inventories of biodiversity: more than a 
question of numbers. pp. 81–100. In: Forey, PI, 
Humphries CJ, Vane-Wright RI. (eds), Systematics 
and conservation evaluation. Clarendon Press, Ox-
ford, UK 
Tanaka S, Denlinger DL, Wolda H (2008) Daylength and 
humidity as environmental cues for diapauses ter-
mination in a tropical beetle. Physiological Ento-
mology 12(2):213–224 
Topping CJ, Sunderland KD (1992) Limitations to the 
use of pitfall traps in ecological studies exemplified 
by a study of spiders in a field of winter wheat. 
Journal of Applied Ecology 29:485–491  
Weeks RD, McIntyre NE (1997) A comparison of live 
versus kill pitfall trapping techniques using various 
killing agents. Entomologia Experimentalis et 
Applicata 82(3):267–273  
Wieder RK, Wright SJ (1995) Tropical forest litter dy-
namics and dry season irrigation on Barro Colorado 
Island, Panama. Ecology 76(6):1971–1979  
Wolda H (1978) Seasonal fluctuations in rainfall, food 
and abundance of tropical insects. Journal of Ani-
mal Ecology 47:369–381 
Wolda H (1980) Seasonality of tropical insects. Journal 
of Animal Ecology 49:277–290 
Wolda H (1988) Insect seasonality: Why? Annual Re-
view of Ecology and Systematics 19:1–18 
Work TT, Buddle CM, Korinus LM, Spence JR (2002) 
Pitfall trap size and capture of three taxa of litter 
dwelling arthropods: Implications for biodiversity 
studies. Environmental Entomology 31(3):438–
448 
  
  
 
110 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.1 Implications for Conservation 
 
Even though the way of thinking about biodi-
versity, its conservation and economical impor-
tance is in a flux, the pressure on natural land-
scapes increases and constantly threatens fauna 
and flora (see Chapter 1). The explosive popu-
lation growth in some developing countries 
demands space for living and food production. 
The growing needs of the global market for 
biofuel and low-priced foodstuff such as soya, 
rice or meat makes further exploitation of tropi-
cal landscapes virtually inevitable. According-
ly, the CBD (Convention on biological diversi-
ty) target "to achieve by 2010 a significant re-
duction of the current rate of biodiversity loss" 
shows little progress of the current rate of cur-
rent 
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duction shows little progress (e.g., Mensing 
2010) and could undermine other global ambi-
tions (Sachs et al. 2009), as it is integrated in 
the Millennium Development Goals, designed 
to inspire efforts to improve people's lives by, 
among other priorities, halving extreme poverty 
by 2015 (Sachs and McArthur 2005). 
Tropical rural areas are particularly under pres-
sure as they are most suitable for the cultivation 
of large-scale cash crop plantations and pas-
tures (Harvey et al. 2008). In this context, the 
coastal region of Parana state occupies a unique 
position, as it is, due to its unsuitability for 
large-scale agriculture, relatively well pre-
served and widely under protection and, thus 
able to maintain and regenerate its faunal and 
floral diversity.  
However, the regional status presents no 
straight forward conservation plan particularly 
in developing and emerging nations such as 
Brazil. Nature protection areas can be returned 
with less difficulties to commercial or private 
use (e.g., caused by corruption [Laurance 2004] 
or social development interests [Oates 1995]) in 
comparison to European Union countries with 
their more rigorous regulations and laws. This 
means that in many tropical countries a pro-
tected area virtually never achieves the shrine-
like status presently allocated to temperate re-
gion’s wild lands for their intrinsic traits. They 
have to earn their status by providing a tangible 
product (intellectual or physical) to the people 
around this area. On the one hand such a per-
ception accounts for the challenge of maintain-
ing local inhabitant’s livelihoods to support the 
success of nature protection strategies (Wells 
and Brandon 1993, Naughton-Treves et al. 
2005). On the other hand it could also provide a 
legitimization to people displacement and envi-
ronmental disruption under the prevalent rhe-
toric of nature protection and tourism develop-
ment (Aberkerli 2001, Butcher 2005). Accor-
dingly, sustainable landscape management 
plans (from a conservationists rather than a 
preservationists point of view; see DeCastro et 
al. 2006) have to be adjusted to the local situa-
tion with involvement of the economical orien-
tation of the residents. 
 
CONSERVATION AND SOCIO-ECONOMY 
Regionally, one potential strategy to connect 
the goals of conserving biodiversity and provid-
ing income for the rural population could be to 
support extensive small-scale agro forestry in 
rural settlements outside core protection areas. 
This would establish same kind of "backpres-
sure" against locally more destructive forces, 
such as large landowners, who principally do 
not aim to integrate biodiversity conservation in 
landscape development. It could also strengthen 
the identification of the local residents with the 
unique nature of their landscape; however, the 
suitability of agro forestry systems has to be 
verified to ensure mutual benefits. 
Using litter inhabiting beetles as focal species I 
studied the value of regionally prevalent agro 
forestry systems to act as refuges for forest spe-
cies and found that, at least in the current form, 
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agro forestry systems, even if extensively culti-
vated, are of limited value for the conservation 
of old-growth forest inhabiting leaf litter beetle 
assemblages. These results are congruent with 
findings for many taxa elsewhere in the tropics 
focusing on different cash crop plantations, 
such as coffee (e.g., Perfecto et al. 1997), cacao 
(e.g., Faria et al. 2006) or palm oil (e.g., Koh 
and Wilcove 2008). Thus, agro forestry practic-
es have to be adjusted to the needs of local di-
versity to really be valuable for biodiversity 
conservation. In general, this means to enhance 
the vegetation complexity within the agro fore-
stry sites (e.g., Perfecto et al. 1996), but also 
includes taxa specific adoptions, such as, in 
terms of litter inhabiting beetles, to increase the 
amount of inhabitable substrate and to achieve 
more forest-like microclimatic conditions (e.g., 
through shading of the litter layer by standard 
trees, see Chapter 4).  
Accordingly, the one banana monoculture, 
which was intensively cultivated (with cab-
bage) under the banana trees, showed the low-
est beetle density.  
The benefits of the modifications mentioned, 
although not measured in this thesis, can be 
suggested through; (1) the slightly higher diver-
sity of beetle species in more forest-like shade 
banana-palm plantations in comparison to ba-
nana monocultures and (2) the presence of at 
least some old-growth forest species in the 
shade banana-palm plantations (see Chapter 3).  
In addition to the effort to influence vegetation 
structure and microclimatic conditions in agro 
forestry systems near mature forest conditions, 
another important aspect is to avoid confound-
ing factors, which have strong negative effects 
on the faunal assemblages. In the agro forests 
studied here two factors were clearly visible: 
waste and barnyard fowls. However, whereas 
waste (e.g., domestic waste, construction rubble 
[e.g., bricks, shelves]) appeared in only a few 
sites, almost every site was invaded by bar-
nyard fowls. Their intense foraging surely has 
an additional negative effect on the soil related 
fauna and should be prevented (e.g., by fences) 
to support a diverse and abundant soil/litter 
faunal community. This would probably sup-
port the provisions of ecosystem functions and 
thus could have a positive effect on the eco-
nomical output of the agro forestry sites (Lal 
1988, Neher 1999).  
 
CONSERVING ORIGINAL ECOSYSTEMS 
Besides, sustainable landscape management 
strategies, trying to combine socio-economical 
demands and nature conservation in a regional 
context, conservation of biodiversity aims to 
protect and restore the original ecosystems and 
their inhabiting species (Hunter 1999). In the 
study area, this means to maintain the various 
Atlantic forest ecosystems recognized world-
wide as a high conservation priority, not in the 
least because of their enormous diversity of 
plant and animals, which makes these forests a 
hotspot of biodiversity (Myers et al. 2000). 
In this context the most important step is to 
preserve the still existing remnants of original 
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mature Atlantic forest. This means the preven-
tion of any human impacts, such as poaching, 
timber theft or infrastructure, rather than just to 
impede total deforestation (Kerley et al. 2002, 
Wright 2003; but, see Robbins et al. 2006).  
In the Guaraqueçaba region such strict protec-
tion of mature forests is already undertaken by 
private organizations, such as the SPVS (Feretti 
and Britez 2006) or the Fundação O Boticário, 
which owns land under the RPPN scheme (see 
Chapter 1) as well as in the form of state (e.g., 
Pico do Marumbi State Park) and federal (e.g., 
Superagui National Park) protection areas. The 
effectiveness of parks or similar protected areas 
to conserve tropical biodiversity has been con-
firmed in many studies (e.g., Bruner et al. 2001, 
Evans et al. 2006) and also in the regional con-
text can be considered as a crucial step towards 
the maintenance of local biodiversity. Even if 
due to missing local socio-economical concepts 
and an unadjusted legal situation, unsustainable 
extractive activities, such as heart of palm ga-
thering, hunting or logging, still erode the re-
source base of the protected forests.  
As a result of intense former agricultural activi-
ties and rural depopulation many deforested 
areas (mainly pastures) abandoned in the region 
and can be integrated into ecological restoration 
strategies. In particular, the NGO SPVS aims to 
transform degraded areas back into Atlantic 
forest ecosystems by supporting natural forest 
regeneration and ecological restoration if ne-
cessary (Feretti and Britez 2006). Ecological 
restoration has to be applied; (1) when exotic 
grasses hinder tree establishment (Feretti and 
Britez 2006), (2) if soils are severely degraded, 
(3) if deforested areas are large and seed dis-
persal is strongly limited or, (4) if the recovery 
of floral composition rather than vegetation 
structure is under focus (Parotta et al. 1997, 
Aide et al. 2000). As a result of that, manage-
ment strategies and tools vary and are adjusted 
to current knowledge (Rodrigues et al. 2009); 
however, the principal activities are planting of 
native tree species and the removal of non-
native Brachiaria grasses (here Brachiaria hu-
midicola and Brachiaria mutica). These grasses 
were planted on pastures as fast growing forage 
plant for Asian water buffalos, which were in-
troduced due to their resistance against the wet 
conditions in the plain areas. Nevertheless, nat-
ural forest regeneration is a preferred method to 
converge open areas into forests as it needs 
little investment and is mostly suitable in the 
regional context, where soil degradation was 
less severe.  
Although natural forest regeneration is, due to 
the expansion of forest area and the creation of 
corridors (e.g., Beier and Noss 1998, Tewsbury 
et al. 2002), undoubtedly per se important for 
many faunal groups, little is still known about 
the value of arising secondary forests for the 
conservation of many mega-diverse insect taxa.  
Studying the recovery of litter inhabiting 
beetles following natural forest regeneration, I 
determined that mature secondary forests of 
35–50 years seem to be suitable habitats for 
most litter inhabiting old-growth forest beetle 
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species. These mature secondary forests can be 
considered to contribute substantially to the 
maintenance of forest species, at least when 
old-growth forests remain nearby. Younger 
forests, up to 15 years after abandonment, dis-
closed very low species densities and accor-
dingly different species assemblages than ma-
ture forests even though they are situated in the 
immediate vicinity to old-growth forests (Chap-
ter 3). My results indicate that the re-
establishment of litter inhabiting beetles in 
submontane forests of the study area is mainly 
affected by variables related to vegetation 
structure.  
The findings of Chapter 4 revealed the impor-
tance of litter temperature, in particular buf-
fered temperature regimes and the tremendous 
importance of litter quantity for conserving and 
re-establishing beetle diversity. Results of 
Chapter 5 assume that litter temperature could 
also mediate seasonal patterns of species diver-
sity and abundance.  
These structural variables recover over a period 
of time by natural forest regeneration, which 
means that low cost restoration practices al-
ready conducted in the study area (Feretti and 
Britez 2006) are principally beneficial for the 
conservation of litter inhabiting beetle assem-
blages. However, I determined that it can ne-
cessitate 15 years or more until a suitable com-
bination of these variables occur. To this extent 
it is likely that insects will rarely be the primary 
target of future regional conservation strategies, 
litter quantity and temperature could be valua-
ble interfaces between the preservation of bio-
topes, restoration of abandoned agricultural 
areas and the conservation of insects.  
Based on the results of my studies, I advocate 
that the planting of fast growing tree species, 
which feature high leaf litter production, in 
initial phases of natural forest regeneration as 
well as reforestation activities, would be a suit-
able tool to shorten the phase of limited beetle 
establishment. This requires little readjustment 
to current reforestation practices provided that 
such tree species are available. Nakamura et al. 
(2009), who verified the effect of mulching and 
shading on the recolonization of different faun-
al groups in a subtropical Australian rainforest, 
mentioned positive effects of mulching only for 
the recolonization of ants, but, points out the 
necessity of a fully closed canopy to suppress 
the invasion by pastoral species.  
In the Guaraqueçaba region a competition with 
pastoral species does not seem to limit the reco-
lonization of ground related forest beetle spe-
cies. Open habitats are not an integral part of 
the landscape and thus few open habitat species 
exist. This was confirmed by very low numbers 
of species and individuals sampled in very 
young forest stages (Chapter 3) and pastures 
(data not shown). When the mentioned impor-
tance of a buffered temperature regime is taken 
into account, shading of the litter layer seems 
nevertheless to be crucial for the conservation 
of litter inhabiting beetles and seems to be an 
essential preceding step for litter quantity ma-
nipulations.  
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6.2 Limitations and Further Research 
eeds  
While gathering basic ecological data about 
local leaf litter beetle assemblages, some im-
portant information related to the beetles and 
the environment still remains undetermined. 
This is mainly due to limitations in time and 
manpower as well as data availability. In par-
ticular, this encompasses aspects about the re-
gional beetle inventory, autecological data of 
the single species as well as a broader know-
ledge of the regional history and the status quo 
of the Atlantic forest remnants.  
 
BEETLE INVENTORY AND THE STATUS OF OLD-
GROWTH FORESTS 
While representing almost one-fourth of all 
described species, beetles are the most diverse 
taxa worldwide. This is based on a high surviv-
al of lineages and sustained diversification in a 
variety of niches beginning in the cretaceous 
(Hunt et al. 2007). A great part of this diversity 
is located in tropical forests, what makes it dif-
ficult to adequately sample beetle communities 
in ecological studies (see Chapter 3). In the 
course of this thesis over 450 morphospecies 
(and species) of litter inhabiting beetles were 
sampled in submontane forest ecosystems, 
which is, confronted with the moderate sample 
completeness, revealed using richness estima-
tion tools (Chapter 3), surely only a part of the 
regional beetle inventory. However, taking the 
data of the pitfall trap sampling into account, 
which revealed only a small number of addi-
tional abundant species compared to litter sift-
ing (Chapter 5) and being aware of the low ß-
diversity between the reserves Cachoeira and 
Itaqui (Chapter 3) as well as between different 
seasons in Itaqui (Chapter 5) , I denoted that a 
large portion of the dominant beetle species 
inhabiting leaf litter of the local (submontane) 
forest ecosystems were sampled (regarding the 
beetle families studied). In spite of the huge 
number of species and the large portion of rare 
species, which was comparable with other stu-
dies focusing on insect assemblages in tropical 
forests (Didham et al. 1998, Grimbacher et al. 
2007), the leaf litter beetle assemblage compo-
sition in mature (secondary and old-growth) 
forests was surprisingly similar and revealed it 
to be unaffected by temporal and spatial varia-
tion. 
This similarity is mainly caused by the perma-
nent presence of several very abundant species, 
such as Echiaster sp.1, Thinocharis sp.1, Dibe-
lonetes sp.1 or Xystosomus inflatus and Xysto-
somus tholus (see Chapter 3 and Appendices 
A.1, A.3). The dominance of several species, 
which in part includes younger forest stages, 
may reflect the original dominance structure of 
forest beetle assemblages. However, it could 
also indicate that even old-growth forests, 
which were used as a reference stage in the 
present studies, are constituted of only a subset 
of species from the original species pool, which 
was sufficiently flexible to cope with the severe 
human impact on the local forest ecosystems. 
To shed light on this question it is important to 
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examine to what extent the sampled beetle spe-
cies are endemic or euryoecious (widespread). 
However, gaining such information clearly 
goes beyond the scope of this thesis and will 
raise difficulties as litter inhabiting beetles of 
tropical forests have rarely been studied owing 
to their diminutive size and poor taxonomical 
description. Further taxonomical work on the 
sampled data set, which would expose already 
described species, will most probably be the 
best way to evaluate the level of former beetle 
invasions.  
With Edaphus hoppi, one staphylinid species 
was already newly described (Puthz 2006) and 
further descriptions will definitely come, as 
taxonomists are currently working on the sam-
pled material of Staphylinidae (Edilson Caron, 
University of Curitiba), Hydrophilidae (Martin 
Fikacek, Museum of National History Prague) 
and Scolytinae (Bjarte Jordal, University of 
Bergen).  
Interesting data concerning this question is also 
provided by Römbke et al. (2009), who studied 
the earthworm fauna in the same agroforests, 
forest regeneration stages and old-growth fo-
rests. They found that the forest stages, includ-
ing the old-growth forests, present a depleted 
earthworm fauna in terms of species richness 
and diversity, which was dominated by the pe-
regrine species Pontoscolex corethrurus (a 
widespread neotropical species). No autoch-
thonous species were found. They concluded 
that “the endemic species expected for the At-
lantic Forest, in this region, have been replaced 
by the peregrine invasive species Pontoscolex 
corethrurus, or by South-Eastern Asian Amyn-
thas spp. exotic species, since these were the 
main species found at the sampling sites, which 
represented different vegetation types, soil 
types and land use forms. Thus, it seems that 
even the old forests of the coastal plain region 
(which is the oldest colonization front of set-
tlers in the state of Paraná, beginning in the 
1600s), have been affected by anthropogenic 
activities, leading to the loss of native species 
and the invasion by peregrine and exotic ones”. 
On the other hand, Bihn et al. (2008), who stu-
died the response of leaf litter ants to natural 
forest regeneration by using the same samples I 
used for the extraction of beetles (data of Ca-
choeira 2003) found that richness and composi-
tion of ant assemblages in secondary forests 
recovered slowly and did not approach condi-
tions typical of old-growth forests. They extra-
polated that it may last several hundred years to 
complete recolonization, which infers that the 
old-growth forests (of Cachoeira reserve) con-
stitute more than a secondary forest ~50 years 
older than the old secondary forest stage. Simi-
lar results were obtained by Meyer (2009), who 
studied the tree composition on the same study 
sites. Given these uncertainties about the eco-
logical status of old-growth forests in the re-
gional context, additional sampling of leaf litter 
beetles in mature forests, which are situated 
deeper in the Serra do Mar mountain range and 
thus assumed to be less affected by anthropo-
genic disturbance would surely provide impor-
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tant data for the validation of the investigated 
old-growth forests.  
 
TRANSFERABILITY OF RESULTS 
The conservation of biodiversity on a local and 
a global scale constitutes an ambitious goal, 
which includes one big challenge: to account 
for the huge diversity of ecosystems and spe-
cies and the manifold modulating interactions 
of biotic and abiotic factors (e.g. see Lombard 
1995). Many studies indicated that although 
diversity (e.g., species richness) generally de-
clined with increasing disturbance no one group 
serves as a good indicator taxon for changes in 
species diversity of other groups (e.g., Lawton 
et al. 1998, Schulze et al. 2000). This means 
that monitoring changes in biodiversity result-
ing from forests modification and destruction 
requires a wide range of taxa to be studied. This 
assumption is supported by the studies con-
ducted within the framework of the Solobioma 
project, where different soil faunal groups were 
studied regarding their response to forest rege-
neration (beetles: Hopp et al. 2010; ants: Bihn 
et al. 2008; earthworms: Römbke et al. 2009; 
spiders: L. Scheuermann, H. Höfer unpub-
lished; enchytraeids: J. Römbke, R. Schmelz 
unpublished; nematods: Moser and Franken-
bach 2009; more data are available at: 
www.solobioma. ufpr.br). The results of these 
studies confirm the postulated need for multi-
taxon approaches, even at the level of taxonom-
ically related groups sharing a common habitat 
stratum, to reliably predict the consequences of 
land-use change and restoration activities for 
faunal biodiversity on a landscape level (Kotze 
and Samways 1999; but see Sauberer et al. 
2004). Other comprehensive data sets provide 
much more information than data for a few 
selected biodiversity surrogates, such as birds, 
mammals or butterflies (e.g., Pressey 2004). 
Thereby, local records play a vital role in con-
servation planning by improving information 
on the natural history of species, providing di-
rect information on their distributions and con-
tributing the raw material for spatial predictions 
beyond survey sites.  
 
FUTURE CHALLENGES 
Due to the rapid reduction of biodiversity a 
major concern of society and ecologists is to 
explore whether the biological functions of 
ecosystems are impaired by the loss of species 
(Schulze and Mooney 1993). The concepts of 
biodiversity and ecosystem function are not 
new to ecology even though the study of the 
relationship between them is relatively recent 
(for an overview about the emerging paradigm 
that biodiversity governs ecosystem function 
see Naeem 2002). Although studies investigat-
ing the relationship of ecosystem functions to 
biodiversity showing inconsistent results (e.g., 
Johnson et al. 1996, Griffiths et al. 2000, Ost-
feld and LoGiudice 2003), the scientific com-
munity has come to a broad consensus on many 
aspects of the relationship between biodiversity 
and ecosystem functioning, which for example 
includes the following points (highlighted by 
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Hooper et al. 2005): (1) Species' functional 
characteristics strongly influence ecosystem 
properties. (2) Alteration of biota in ecosystems 
via species invasions and extinctions caused by 
human activities has altered ecosystem goods 
and services in many well-documented cases. 
(3) The effects of species loss or changes in 
composition, and the mechanisms, by which the 
effects manifest themselves, can differ among 
ecosystem properties, ecosystem types, and 
pathways of potential community change. (4) 
Some ecosystem properties are initially insensi-
tive to species loss because (a) ecosystems may 
have multiple species that carry out similar 
functional roles, (b) some species may contri-
bute relatively little to ecosystem properties, or 
(c) properties may be primarily controlled by 
abiotic environmental conditions. (5) More 
species are needed to insure a stable supply of 
ecosystem goods and services as spatial and 
temporal variability increases, which typically 
occurs as longer time periods and larger areas 
are considered.  
Yet little is known about the relationship of leaf 
litter beetles and their diversity to ecosystem 
functions. This is especially true for tropical 
forests. However, their minute size which leads 
to low biomass despite high abundance and 
species richness indicates that they contribute 
to a large part of the soil arthropod biodiversity, 
but may play a minor role in ecosystem func-
tions, such as decomposition (Hanagarth and 
Brändle 2001). Of course, this is contrary for 
larger beetles, such as dung beetles. They are 
well studied in many tropical regions and have 
been shown to substantially contribute to eco-
system functions and services, such as pest con-
trol, seed dispersal and nutrient cycling (Ni-
chols et al. 2008). Larsen et al. (2005) showed 
that larger dung beetles, which are most func-
tionally efficient, tended to be most extinction-
prone, contributing to rapid functional loss. 
Thus, studies and experimental trials, which on 
the one hand clarify the role of beetles in eco-
system processes and functions and on the other 
hand quantify the consequences of reduced 
beetle diversity caused by land-use change and 
habitat loss for ecosystem functions and subse-
quently ecosystem services would provide cru-
cial data to evaluate the economical importance 
and benefit of insect conservation in tropical 
forests.  
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A.1a: Beetle sampled by litter sifting and Winkler extraction in submontane secondary and old-growth forests of the  
Guaraqueçaba region, Paraná, Brazil.  
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STAPHYLINIDAE 
                                 
 
Paederinae 
                                   
 
Paederini 
                                   1 Acarotopus sp.1 - - - - - - - - - - 1 - 
 
- - - - - - - 2 - 
 
- - - 1 - 4 5 10 6 8 5 5 
2 Astenus sp.1 - 1 - - 1 - - - - - - - 
 
- - - - 1 - - - - 
 
- 3 - - - - - - - - - - 
3 Astenus sp.2 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
4 Astenus sp.3 - - - - - - - 1 1 - 2 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
5 Biocrypta sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
6 Biocrypta sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 2 - - - - - - - - - 
7 Biocrypta sp.3 - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
8 Biocrypta sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
9 Biocrypta sp.5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - - 2 - - - 
10 Dibelonetes sp.1 - - - - - - 1 6 11 1 2 6 
 
- - - 3 - - 1 5 2 
 
- - - - - - 2 30 9 2 1- 6 
11 Dibelonetes sp.2 - - - - - - - - 1 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
12 Dibelonetes sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - 2 - - - 3 1 1 
13 Dibelonetes sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - 1 - - - - - 
14 Echiaster sp.1 - 1 - - 2 5 2 6 34 3 24 21 
 
- - - - - - 1 - - 
 
- - - 4 - 6 35 131 37 13 36 26 
15 Echiaster sp.2 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - - - - - - - - - - 
16 Echiaster sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
17 Eustilicus sp.1 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
18 Paederinae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
19 Paederinae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
20 Paederinae MS 3 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - - - - - - - - - - 
21 Paederinae MS 4 1 - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
22 Paederinae MS 5 - - - 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
23 Paederinae MS 6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
24 Homaeotarsus sp.1 - 6 - 1 4 3 - - - 1 - - 
 
- - - - - - - - - 
 
- 1 4 - 1 5 - - - - - - 
25 Homaeotarsus sp.2 - - - - - - - - - - - - 
 
1 - - - - 1 - - - 
 
- - 2 - - - - - - - - - 
26 Homaeotarsus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
27 Lithocharis sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
28 Monista sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
29 Paederus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
30 Ronetus sp.1 - - 1 - 1 1 - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
31 Ronetus sp.2 1 - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
32 Ronetus sp.3 - - - - - - - - 1 - 1 - 
 
- - - - 1 - - - - 
 
- - 2 - - 1 - 9 - - 1 4 
33 Scopaeus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
34 Scopaeus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
35 Stenopholea sp.1 - - 2 - - - - - - - 2 1 
 
- - - - - - - - - 
 
- - - - - - - 1 - - 1 - 
36 Suniotrichus sp.1 1 3 - - - - 1 - 24 3 3 4 
 
- - - 1 - - - 3 4 
 
- 1 - - 1 - 2 7 - - - 4 
37 Suniotrichus sp.2 - - - - 1 - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
38 Suniotrichus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
39 Suniotrichus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
40 Suniotrichus sp.5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - 1 - - 2 
41 Thinocharis sp.1 1 1 - 1 3 - 1 8 10 13 19 8 
 
- - - 3 10 - 3 1 - 
 
- - 1 6 - - - 22 67 14 60 4 
42 Thinocharis sp.2 - - - - - - - - - - - - 
 
- - - - - - 1 - - 
 
- - - - - - - - - - - 3 
43 Thinocharis sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 11 - 1 - - - - - - 1 
44 Xenaster sp.1 - - - - - - 1 1 1 - 1 3 
 
- - - - 1 - - - 1 
 
1 - - - - - 3 - 2 - - 2 
45 Xenaster sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Pinophilini 
                                   46 Oedichirus sp.1 - - - 3 - 1 - 3 8 2 - 4 
 
- - - 1 - - - 2 3 
 
3 - 3 - 2 1 1 1 - - 1 2 
47 Oedichirus sp.2 - - - - - 1 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - 2 - 
48 Oedichirus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
49 Oedichirus sp.4 - - - - - - 1 1 6 - 1 2 
 
- - - - - - - 1 1 
 
- - - 3 - - 1 6 4 1 3 11 
50 Pinophilus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
51 Pinophilus sp.2 - - - - - - - 1 - - 1 - 
 
- - - - 1 - - - - 
 
- - - - - - - - - - - - 
52 Pinophilus sp.3 - - 1 - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
53 Palaminus sp.1 1 1 1 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
54 Palaminus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
55 Palaminus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
56 Palaminus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
 
Pselaphinae 
                                   
 
Goniaceritae 
                                   
57 Arthmius sp.1 - - - - - - - - - - - - 
 
- - - 1 - 1 2 - 2 
 
- - - - - - - - - - - - 
                                     
                                     
Appendix A.1 
Litter inhabiting Beetle Species in submontane forest in the Guaraqueçaba Region 
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
II 
                                       
Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July 2003 
 
June-July 2003 
 
July-August 2007 
Successional stage 1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
58 Arthmius sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
59 Arthmius sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
60 Arthmius sp.4 - - - - - - - - - - - - 
 
- - - 1 - - 1 - - 
 
- - - - - - - - - - - - 
61 Arthmius sp.5 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - 5 - 1 
62 Arthmius sp.6 - 1 - - 3 - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
63 Arthmius sp.7 - - - - - - - 1 5 - - - 
 
- - - - - - - - - 
 
- - - 1 - 2 8 - - - - - 
64 Arthmius sp.8 - 3 - - - 1 5 - - 1 - - 
 
- - - 1 - - - - - 
 
- - 1 10 - 11 - - 5 - - 1 
65 Arthmius sp.9 - - - - - - - - - - - - 
 
2 2 2 5 4 3 - 1 2 
 
- - - - - - - - - - - - 
66 Arthmius sp.10 - 2 - 2 - - 6 1 8 1 1- 4 
 
- - - - 1 - - 3 - 
 
- - - 1 - 1 7 5 1 3 6 8 
67 Arthmius sp.11 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 21 - - 11 - 
68 Arthmius sp.12 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
69 Arthmius sp.13 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 7 - 12 
70 Batrybraxis sp.1 - - - - - - - 1 2 1 1 4 
 
- - - - 1 - - 2 1 
 
- - - - - - - 4 - 9 - - 
71 Batrybraxis sp.2 - - - - - - - - - - - - 
 
- - - - - 1 - - - 
 
- - - - - - - - - - - - 
72 Brachyglutini MS 1 - - - - - - - - - - 2 - 
 
- - - - - - - - - 
 
- - - - - - - - - - 51 2 
73 Brachyglutini MS 2 - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
74 Brachyglutini MS 3 - - - - - - 11 - - - - - 
 
- - - - 1 - - 3 6 
 
- - - 1 1 - - - - - - - 
75 Brachyglutini MS 4 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - - - - - - - 1 - - 
76 Brachyglutini MS 5 - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
77 Brachyglutini MS 6 - - - - - - - - - - - - 
 
- - - - 2 - - - - 
 
- - - - - - - - - - - - 
78 Brachyglutini MS 7 - - - - - - - - - - - - 
 
- - - - - 1 - - - 
 
- - - - - - - 10 - - - - 
79 Brachyglutini MS 8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 3 - - - - 
80 Dalmonexus sp.1 - - - - - - 1 - - 1 - 3 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - 1 
81 Decathron sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
             82 Euphalepsus sp.1 - - - - - - 1 2 5 2 2 4 
 
- - - - - - - - - 
 
- - - 1 - - 1 5 4 2 9 1- 
83 Euphalepsus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
84 Euphalepsus sp.3 - - - - - - - 6 - - 1 1 
 
- - - - - - - - - 
 
- 1 - 9 - - 4 3 6 3 3 4 
85 Euphalepsus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - - 3 1 1 4 
86 Euphalepsus sp.5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - 5 - - 1 - 2 
87 Euphalepsus sp.6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 3 - - - - 1 - 1 2 
88 Eupsenius sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
             89 Goniacerus sp.1 - - - - - - 1 2 8 - 4 1 
 
- - - - 2- - - 14 2 
 
- - - 7 2 7 - 8 17 - 36 19 
90 Goniacerus sp.2 - - - - - - - 2 - - - 3 
 
- - - - - - - - - 
 
- - 1 1 - - - - 2 - 2 8 
91 Goniacerus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 4 - 
92 Goniacerus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - 1 - - - - - - 
93 Goniastes sp.1 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - - 1 - - 1 - - 1 - 
94 Goniastes sp.2 - - - 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - 2 2 - - - - 2 3 - 
95 Phalepsoides sp.1 - - - - - - 2 1 5 - 2 6 
 
- - - - - - - - - 
 
- - - 3 - - 4 10 8 1 10 5 
96 Scalenarthrus sp.1 - - - 2 - - 1 1 10 1 5 14 
 
- - - - 2 1- - 1 1 
 
- - - 2 - - - 5 28 1 50 - 
97 Syrbatus sp.1 - - - - - - - 1 - - 2 - 
 
- 1 - - 1 - - - - 
 
- - - - - - - - - - - - 
98 Syrbatus sp.2 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
99 Syrbatus sp.3 - - - - - - - - 1 - - 1 
 
- - - 1 - - - - - 
 
- - - 3 - - 3 7 17 7 6 22 
100 Syrbatus sp.4 - - - - - - - - - - - - 
 
- - - 6 - 5 - - - 
 
- - - - - - - - - - - - 
101 Syrbatus sp.5 - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
102 Syrbatus sp.6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
103 Syrbatus sp.7 - 1 - - 2 1 - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
104 Syrbatus sp.8 - - 1 - - - - - - - - - 
 
- - - 1 - 2 1 3 2 
 
1 - - - 1 6 - 2 - 5 - 1 
105 Syrbatus sp.9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
106 Syrbatus sp.10 - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
107 Syrbatus sp.11 - - - - - - - - - - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - 1 - 2 
108 Syrbatus sp.13 - - - - - - 4 - - 4 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
109 Syrbatus sp.14 - - - - - - 7 1 - 1 1 - 
 
- - - - - - - - - 
 
- - - 2 - 1 2 22 - 8 1 2 
110 Syrbatus sp.15 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 1 - - 
111 Syrbatus sp.16 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - 6 1 - 3 
                                     
 
Clavigeritae 
                                   112 Fustiger sp.1 - - - - - - 1 - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - 1 - - 2 - - 
 
Euplectitae 
                                   113 Eurhexius sp.1 - 2 - 1 - 2 1 - 24 - - 5 
 
- 1 - - 2 - - - 1 
 
- - - 3 - - 13 - - - - - 
114 Eurhexius sp.2 - - - - - - 2 - 1 - 3 3 
 
- - - 1 2 - - - 1 
 
1 - 1 4 - - 3 - 8 2 3 3 
115 Eurhexius sp.3 - - - 1 - - - - - - - - 
 
- - - - - 4 - - - 
 
- - - - - 1 - 5 - - - 2 
116 Eurhexius sp.5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - 1 3 - - - - 
117 Euplectitae MS 1 - - - - - - - - - 2 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
118 Euplectitae MS 2 1 - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
119 Euplectitae MS 3 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
120 Euplectitae MS 4 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
121 Melba sp.1 - - - - - - 2 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
122 Melba sp.2 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
123 Metopiellus sp.1 - - - - - - 4 2 23 - 3 4 
 
- - - 11 10 1 - 15 7 
 
- 1 - 14 - 1 9 3 28 6 2 11 
124 Metopiellus sp.2 - - - - - - - - - - 1 - 
 
- - - 2 1 - - - - 
 
- - - - - - - 1 1 1 2 - 
125 Metopiellus sp.3 - - - - - - 1 4 3 - 2 - 
 
- - - - 3 - - 1 1 
 
- - - - - - 2 - 10 - - 1 
126 Metopyoxis sp.1 - - - - - - - - - - - - 
 
1 - - - - - - - - 
 
- - - - - - - - - - - - 
127 Metopyoxis sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 2 - - - - - - - - - - 
128 Pyxidion sp.1 - - - - - - - - - - 5 2 
 
- - - - 2 - - 3 - 
 
- - - 1 - - - - - - 6 - 
129 Rhexius sp.1 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - 3 - - - - - - 11 - 
130 Rhexius sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
                                     
                                     
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
III 
  
Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July2003 
 
June-July 2003 
 
July-August 2007 
Successional stage 1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
Pselaphitae 
                                   131 Trimiina MS 1 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
132 Rhinocepsis sp.1 - - - - - - 1 - - - - - 
 
1 - 2 2 2 6 - - 1 
 
- - - - - - - - - - - - 
133 Termitotyrus sp.1 - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
134 Termitotyrus sp.2 - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
135 Apharus sp.1  - - - - - - - - 4 - - 3 
 
- 1 - - - - - - - 
 
- - - - - - - 2 - - 13 2 
136 Apharus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 2 - 1 - - 
137 Phalepsus sp.1 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
138 Phalepsus sp.2 - - - - - - - 2 - - - 1 
 
- - - - - - - - 1 
 
- - - - - 1 - - 2 - - - 
139 Listrophorus sp.1 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Scaphidiinae 
                                  140 Baeocera sp.1 - - 3 - 2 1 1 4 10 5 - 7 
 
- 2 2 1 8 1 1 4 - 
 
1 - 1 2 1 1 1 5 4 3 32 3 
141 Scaphisoma sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - 21 - 3 25 9 
142 Scaphisoma sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Staphylininae 
                                  
 
Xantholinini 
                                   143 Renda sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
144 Xantolini MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Staphylinini   
                                   145 Belonochus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
146 Belonochus sp.2 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
147 Paederominus sp.1 - - - - - - - - - 3 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
148 Paederominus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
149 Philonthus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
150 Philotalpus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
1 - - - 1 - - 1 - - - - 
151 Philotalpus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
152 Staphylinini MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 1 - - 
153 Xanthopygus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
154 Xanthypigina MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 1 - - 
                                     
 
Piestinae 
                                   155 Piestus schadei - - - - - - - 2 - 2 28 - 
 
- - - - - - - - - 
 
- - - - - - - - 8 16 - 1 
156 Piestus sulcatus - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Oxytelinae 
                                   157 Anotylus sp.1 - - 1 - - - - - 5 2 5 8 
 
- - - - - - - - - 
 
- 1 - - - - 1 4 1 16 - 10 
158 Anotylus sp.2 - - - 1 
 
- - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
159 Anotylus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
160 Anotylus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
161 Carpelimus sp.2 - - - - - - - - - - - - 
 
- - - 1 - - - - - 
 
- - - - - - - - - - - - 
162 Oxytelinae MS 1 - - - - - - - - - - - - 
 
1 - - - - - - - - 
 
- - - - - - - - - - - - 
163 Oxytelinae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Osoriinae   
                                   164 Craspedus iheringi - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
165 Espeson sp.1 - - - 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
166 Holotrochus micans - - - - - - - - - - - - 
 
- - - - 2 - - - - 
 
- - - - - - - 3 - - 1 - 
167 Holotrochus schubarti - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
168 Holotrochus sp.1 - - - - - - - - - - - - 
 
- - - - 4 - - - - 
 
- - - - - - - - - - - - 
169 Holotrochus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
170 Holotrochus vianai - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
171 Nacaeus impressicollis - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
172 Nacaeus peruvianus - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
173 Nacaeus planellus - - - - - 6 - - 1 1 - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
174 Nacaeus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
175 Osoriellus sp.1 - - - - - - 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
176 Osoriellus sp.2 - - - - - - - - - - - - 
 
- - 5 - - - - - - 
 
- - - - - - - - - - - - 
177 Osoriellus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
178 Osoriinae MS 1 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
179 Osorius peruvianus - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
180 Osorius piceus  - - - - - - - - - - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - - 
181 Osorius wasmanni - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
182 Ouloglene sp.1 - - - - - - - - - - 1 - 
 
- - - - 8 6 - - - 
 
- - - - - - - - - 3 16 - 
183 Tannea schubarti - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
184 Thoracophorus exilis - - 1 - - 1 - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
185 Thoracophorus sahlbergi - - - - - - 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
186 Thoracophorus sculptilis - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
187 Thoracophorus sp.1 - - - - 1 - - - - - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - - 
 
Euaesthetinae 
                                  188 Edaphus bryanti - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 1 - - 
189 Edaphus depressus - - - - - - - - - 1 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - 7 - 
190 Edaphus hoppi - - - - - - - - - - - - 
 
- - - 1 - - - - - 
 
- - - - - - - - - - 1 - 
191 Edaphus rishwani - - - - - - - - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
192 Edaphus sp.1 - - - - - 2 - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
193 Edaphus sp.2 - - - - - - - - - - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - - 
194 Edaphus sp.3 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
IV 
                                       
Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July 2003 
 
June-July 2003 
 
July-August 2007 
Successional stage 1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
195 Euaesthetinae MS 1 - - - - - - 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
 
Steninae 
                                   196 Plathystethus sp.1 - - - - - - - - - - 2 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
197 Stenus sp.1 - 1 - - - - - - 1 - 1 - 
 
- 1 - - - - - - - 
 
- - - - - - - 4 3 - 1 5 
198 Stenus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
                                     
 
Tachyporinae 
                                  199 Bryoporus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
200 Cileoporus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - 3 - - - 
201 Coproporus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
202 Sepedophilus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - - - - - 1 
203 Tachyporinae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
204 Tachyporinae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
205 Tachyporinae MS 3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 5 - - - - 
206 Vatesus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
207 Vatesus sp.2 1 - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Megalopsidiinae 
                                 208 Megalopinus cavifrons - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
209 Megalopinus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
210 Megalopinus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
211 Clivilispinus politus - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
 
Aleocharinae 
                                  212 Aleocharinae MS 1 - - 1 1 - - - - - - - - 
 
- - - - - - - - - n.i. 
213 Aleocharinae MS 2 - - - 2 - - - - - 6 - - 
 
- - - - - - - 1 - n.i. 
214 Aleocharinae MS 3 - - 6 - - - - - - - - - 
 
- - - - - - - - - n.i. 
215 Aleocharinae MS 4 - - - - - - - - - - - - 
 
- - - - - - - - - n.i. 
216 Aleocharinae MS 5 - - - - - - - - - - - - 
 
- - - - - - - 1 - n.i. 
217 Aleocharinae MS 6 - - - - - - - - - - - 1 
 
- - - - - - - - - n.i. 
218 Aleocharinae MS 7 3 - - - - - - - - - - - 
 
- - - - - - - - - n.i. 
219 Aleocharinae MS 8 - - - - - - - - - - - - 
 
- - - - - - - - - n.i. 
220 Aleocharinae MS 9 - - - - - - - - 2 - - - 
 
- - - - - - - - - n.i. 
221 Aleocharinae MS 10 - - - - - - - - - - - - 
 
- - - - - - - - - n.i. 
222 Aleocharinae MS 11 - - - - - - - - - 1 - 1 
 
- - - - - - - - - n.i. 
223 Aleocharinae MS 12 - - - - 2 - - - - - - - 
 
- - - - - - - - - n.i. 
224 Aleocharinae MS 13 - - - - - - - 1 - - - - 
 
- - - - - - - - - n.i. 
225 Aleocharinae MS 14 - - - 1 - - - - 1 - - - 
 
- - 2 - - - - - - n.i. 
226 Aleocharinae MS 15 - - - - - - - - - 1 - - 
 
- - - - - - - 1 - n.i. 
227 Aleocharinae MS 16 - - - - - - - - - - - 1 
 
- - - - - - - - - n.i. 
228 Aleocharinae MS 17 - - - - - - - 1 - - - - 
 
- - - - - - - - - n.i. 
229 Aleocharinae MS 18 - - - - - - - - 1 - - - 
 
- - - - - - - - - n.i. 
230 Aleocharinae MS 19 - - - - 1 - - - - - - - 
 
- - - - - - - - - n.i. 
231 Aleocharinae MS 20 - - - - - - - - - - - - 
 
- - - - - - - - 1 n.i. 
232 Aleocharinae MS 21 - - - 1 - - - - - - - - 
 
- - - - - - - - - n.i. 
233 Aleocharinae MS 22 - - - - - - 1 - - - - - 
 
- - - - - - 1 - - n.i. 
234 Aleocharinae MS 23 - - - - - - - - - 1 - - 
 
- - - - - - - - - n.i. 
235 Aleocharinae MS 24 - - - - - - - - - 2 - - 
 
- - - - - - - - - n.i. 
236 Aleocharinae MS 25 - - - - - - - - - - - - 
 
- - - - - 1 - - - n.i. 
237 Aleocharinae MS 26 - - - - 7 3 5 - 9 4 2 1 
 
- - - - - - 1 3 1 n.i. 
238 Aleocharinae MS 27 - 1 - - - - - - - - - - 
 
- - - - - - - - - n.i. 
239 Aleocharinae MS 28 - - - - - - - - 1 - - - 
 
- - - - - - - - - n.i. 
240 Aleocharinae MS 29 - - - - - - - - - 1 - - 
 
- - - - - - - - - n.i. 
241 Aleocharinae MS 30 - - - - - - - - - - 1 - 
 
- - - - - - - - - n.i. 
242 Aleocharinae MS 31 - - - - - - - - - 5 - - 
 
- - - - - - - - - n.i. 
243 Aleocharinae MS 32 1 - - 1 - - - - - - - - 
 
- - - - - - - - - n.i. 
244 Aleocharinae MS 33 - - - - 1 - - - - - - - 
 
- - - - - - - - - n.i. 
245 Aleocharinae MS 34 - - - - - - - - - - - 2 
 
- - - - - - - - - n.i. 
246 Aleocharinae MS 35 - - - - - - - 1 1 1 2 - 
 
- - - - - - - - - n.i. 
247 Aleocharinae MS 36 - - - - - - - - - - 1 - 
 
- - - - - - - - - n.i. 
248 Aleocharinae MS 37 - - - - - - - - - - 1 - 
 
- - - - - - - - - n.i. 
249 Aleocharinae MS 38 - - - - - - - - 1 - - - 
 
- - - - - - - - - n.i. 
250 Aleocharinae MS 39 - - - - - - - - - - - 1 
 
- - - - - - - - - n.i. 
251 Aleocharinae MS 40 - - - - - - - - 1 - - - 
 
- - - - - - - - - n.i. 
                                     
 
CURCULIONIDAE 
                                 
 
Molytinae 
                                   252 Molytina MS 1 - - - - - - - 1 3 - - - 
 
- - - - - - - - 1 
 
- - - 1 - - 1 - - 1 - - 
253 Molytina MS 2 - - - - - - 5 16 12 2 6 18 
 
- - - - - 7 - 1 1 
 
- - - 7 - - 3 17 7 1 24 12 
254 Conotrachelus sp.2 - - - - - - - - - - - - 
 
- - - - 2 4 - - - 
 
- - - - - - - - - - - - 
255 Conotrachelus sp.1 - - - - - - - - - - - - 
 
- - - - - 2 - - - 
 
- - - - - - - 1 - - - - 
256 Conotrachelus sp.8 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
257 Conotrachelus sp.3 - - - - - - 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
258 Conotrachelus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
259 Conotrachelus sp.5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 1 1 - - 1 1 - - 
260 Conotrachelus sp.7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
261 Heidipodus zoubkoffii - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
262 Ithaura anaspis - - - - - - - - - - - 2 
 
- - - - - - - - - 
 
- - - - - - - - - 4 5 - 
263 Rhyssomatus sp.1 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
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Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July 2003 
 
June-July 2003 
 
July-August 2007 
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c
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a
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1
a
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a
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b
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c
 
 
Conoderinae 
                                  264 Conoderinae MS 1 - - - - - - 2 - - - 1 - 
 
- 1 - - 1 - - - - 
 
- - 2 1 - - - - 1 - 3 1 
                                     
 
Cossoninae 
                                   265 Cossoninae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
266 Cossoninae MS 2 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
267 Cossoninae MS 3 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
268 Cossoninae MS 4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
269 Cossoninae MS 5 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
270 Cossoninae MS 6 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - 1 - - - - - - - - 
271 Cossoninae MS 7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
272 Cossoninae MS 8 - - - - - - - 3 - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
273 Cossoninae MS 9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - - - - - - 
274 Cossoninae MS 10 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
275 Cossoninae MS 11 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     Cryptorhynchinae 
                                   276 Cryptorhynch. Ms 1 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
277 Cryptorhynch. Ms 2 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
278 Cryptorhynch. Ms 3 - - - - 1 - - - - - - - 
 
- - - - - - - - - 
 
1 - - - - - - - - - - - 
279 Cryptorhynch. Ms 4 - - 1 - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
280 Cryptorhynch. Ms 6 - - - - 1 - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
281 Cryptorhynch. Ms 7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - 1 - - 1 - - 
282 Cryptorhynch. Ms 8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
283 Cryptorhynch. Ms 9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
1 - 2 - - - - - - - - - 
284 Tylodes sp.1 - - - - - - - - - - - 2 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
285 Tylodina MS 10 - - - - - - - - 16 - 13 11 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - - 
286 Tylodina MS 18 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 1 - - - - - - - - 
287 Tylodina MS 8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 4 - 1 4 2 
288 Tylodina MS 11 - - - - - - 2 - - - - - 
 
- - - - - - - - - 
 
- - - 3 - - 8 - - 1 2 7 
289 Tylodina MS 9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
290 Tylodina MS 16 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 11 - 2 - - 7 - - - 
291 Tylodina MS 17 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
292 Tylodina MS 1 - - - - 1 - 3 7 - 1 5 1 
 
- - - - - - - - - 
 
- - - 1- - - 3 6 14 6 14 9 
293 Tylodina MS 2 - - 2 - - - 1 - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
294 Tylodina MS 3 - - - - - - 1 - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - 6 - 2 - - 
295 Tylodina MS 4 - - - - - - - - - - - 5 
 
- - - - - 5 - - - 
 
- - - - - - - - - - - - 
296 Tylodina MS 5 - - - - - - 1 - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
297 Tylodina MS 6 - - - - - - - - 3 1 - 2 
 
- - - - - - - - - 
 
- - - - - - - 2 1 1 3 - 
298 Tylodina MS 7 - - 30 - 1 - - 12 17 - 6 32 
 
- - 1 1 4 1 - 18 2 
 
- - - 1 1 1 4 21 4 9 40 44 
299 Tylodina MS 12 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
300 Tylodina MS 13 - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
301 Tylodina MS 14 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
302 Tylodina MS 15 - - 1 - - - - - - - - - 
 
- - - - - - 1 1 - 
 
- - - 5 - - - 2 2 1 - 1 
 
Ceuthorhynchinae 
                                303 Ceuthorhynch. MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
304 Ceuthorhynch. MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
             305 Pruinomerus sp.1 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - - - - - - - - - - 
                                     
 
Erirhininae 
                                   
 
Stenopelmini 
                                   306 Helodytes foveolatus - - - 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
307 Notiodes sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
308 Oryzophagus  oryzae 1 - - 1 - - - - - - - - 
 
- - - 1 - - - - - 
 
- - - - - - - - - - - - 
309 Phyllotrox sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
310 Onychylis sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Leptopiinae 
                                   311 Promecops sp.1 - - - 1 - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Baridinae 
                                   312 Baridinae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
313 Baridinae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
314 Baridinae MS 3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
315 Baridinae MS 4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
                                     
 
Ambatini 
                                   316 Ambates sp.1 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Madopterini    
                                   317 Madopterini MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Entiminae 
                                   
 
Naupactini 
                                   318 Naupactus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
                                     
 
Anypotactini 
                                   
319 Hypantus. teretirostris - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 2 - - - - - - - - - - 
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Reserve Cachoeira 
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Rhythirrininae 
                                  
 
Listroderini 
                                   320 Listronotus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
                                     
 
Apioninae 
                                   
 
Apionini 
                                   321 Apion sp.1 - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
322 Apion sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
                                     
 
Curculioninae 
                                  
 
Anthonomini 
                                   323 Anthonomus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
1 - - - - - - - - - - - 
324 Anthonomus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
325 Pseudoanthonomus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
326 Pseudoanthonomus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
 
Derelomini 
                                   327 Andranthobius sp.1 - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
 
Tychiini 
                                   328 Sibinia sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Eugnominae 
                                   
 
Eugnomini 
                                   329 Udeus sp.1 - - - - 1 - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
330 Udeus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
                                     
 
CARABIDAE 
                                   
 
Carabinae 
                                   
 
Zuphiini 
                                   331 Pseudaptinus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
1 - 1 - - - - - - - - - 
332 Pseudaptinus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 2 - 
                                     
 
Bembidiini 
                                   333 Paratachys sp.1 - - - - - 1 - 2 1 3 5 7 
 
- - - - - - - - - 
 
- - - 1 - - - 26 - 1 1 24 
334 Paratachys sp.2 - - - - - - - - - 1 - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - 1 - - 
335 Paratachys sp.3 - - - - - - - - - - - - 
 
- - - 2 - - - 1 - 
 
- - - - - - - - - - - 1 
336 Paratachys sp.4 - - - - - - - - - - - - 
 
- - - - 2 1 - - - 
 
- - - - - - - - - - - - 
337 Paratachys sp.5 - - - - - - - - - - - - 
 
- - - - - 2 - - - 
 
- - - - - - - - - - - - 
338 Paratachys sp.6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
339 Paratachys sp.7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
340 Paratachys sp.8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
341 Paratachys sp.9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
342 Paratachys sp.10 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 11 1 - - - - - - - - - 
343 Paratachys sp.11 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
344 Paratachys sp.12 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
345 Polyderidius sp.1 3 2 4 - 6 - - - - - - - 
 
- - - 1 - 2 2 - 3 
 
- 4 3 - - - - - - - - - 
346 Xystosomis inflatus - - - - - - 3 1 18 5 11 8 
 
- - - - - - - - 1 
 
1 - - 1 - - - 15 11 6 18 16 
347 Xystosomis tholus - 4 - - 1 - 10 6 71 - 41 22 
 
- - - 5 - - 1 5 - 
 
- - - 45 - 6 59 114 77 19 99 41 
                                     
 
Pterostichini 
                                   348 Abaris sp.1 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Pentagonicini 
                                   349 Pentagonica media - - - - - - - 1 3 - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
350 Pentagonica sp.2 - - - - - - - - 5 - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - 2 
351 Pentagonica sp.3 - - - - - - - - 2 1 - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     352 Pentagonica sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Scaritini  
                                   353 Ardistomis sp.1 - - - - - - - - - - - - 
 
- - 1 - - 1 3 - 1 
 
- - - - - - - - - - - - 
                                     
 
Harpalinae 
                                   
 
Lebiini 
                                   354 Lebia sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - 1 - - 
355 Lebia sp.2 - - - - - - - - - - - - 
 
- - - - - - - - 1 
 
- - - - - - - - - - - - 
356 Lebia sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     357 Lebia sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
358 Apenes sp.1 - - - - - - 1 1 1 - - 4 
 
- - - 1 1 - - - - 
 
- - - - - 1 1 - 1 - - - 
                                     
 
Harpalini   
                                   359 Harpalini MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
360 Selenophorus sp.1 1 - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
361 Selenophorus sp.2 - 1 - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - 1 - - - - - - - 
362 Selenophorus sp.3 - - - - 1 - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
363 Selenophorus sp.4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - 1 - - - - - 
364 Selenophorus sp.6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
365 Selenophorus sp.7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
                                      
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
VII 
 
Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July 2003 
 
June-July 2003 
 
July-August 2007 
Successional stage 1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
Loxandrini 
                                   366 Loxandrus sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
367 Loxandrus sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - 1 - - - 
368 Loxandrus sp.3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
                                     
 
Helluonini 
                                   369 Helluomorpha sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
                                     
 
ENDOMYCHIDAE   
                                 
 
Eupsilobiinae 
                                  370 Ibicarella sp.1  - - - - - - - - 1 - 1 17 
 
- - - - - - - - - 
 
2 - - - - - - - - - 67 - 
371 Eupsilobiinae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
CERYLONIDAE   
                                  372 Cerylonidae Ms 2 - - - - - - - - 1 - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
                                     
 
Ceryloninae 
                                   373 Philothermus sp.1  - 1 - - - - 1 3 2 - 2 - 
 
- - - - - - - 3 - 
 
- - - - - - - 8 2 - 6 8 
374 Lapethus sp.1  - - - - - - - - 1 - 3 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
375 Lapethus sp.3  - - 1 - - - - - 7 - 3 4 
 
- - - - - - - 4 - 
 
- - - - - - - - - - - - 
376 Lapethus sp.2  - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - 1 - - - - - - - 
                                     
 
LEIODIDAE 
                                   377 Leiodidae MS 2 - - - - - - - - - - - - 
 
- - 1 1 - - - - - 
 
- - - - - - - - - - - - 
378 Leiodidae MS 5 - - - - - - - - 2 - - - 
 
- - - - - - - - - 
 
- - - - - 1 - - - - - - 
                                     
 
Leiodinae 
                                   
 
Scotocryptini 
                                   379 Aglyptinus sp.1  - - - - - - - - - - 6 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
380 Aglyptinus sp.2  - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
381 Scotocryptus sp.1  - - - - - - - - - - - 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Cholevinae 
                                   
 
Eucatopini 
                                   382 Eucatops sp.1  - 1 - - - - 1 1 3 - 3 1 
 
- - - - - - 1 - - 
 
- - - 11 - 13 5 24 16 6 10 8 
                                     
 
Ptomaphagini 
                                   383 Paulipalpina sp.1  - - - - - - - - 6 - 2 1 
 
- - - - - - - - - 
 
- - - - - - - 24 - 1 - - 
                                     
 
TENEBRIONIDAE 
                                 384 Tenebrionidae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - 2 - - - - - - - - 
385 Tenebrionidae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
386 Tenebrionidae MS 3 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
387 Tenebrionidae MS 4 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - 1 - 
388 Tenebrionidae MS 5 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
389 Tenebrionidae MS 6 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
390 Tenebrionidae MS 7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
391 Tenebrionidae MS 8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
392 Tenebrionidae MS 9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - 1 - 1 
393 Tenebrionidae MS 10 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - 1 - - - - 
394 Tenebrionidae MS 11 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - 1 - - - - - - - - - 
395 Tenebrionidae MS 12 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
396 Tenebrionidae MS 13 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
397 Tenebrionidae MS 14 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Lagriinae   
                                   398 Lagriinae MS 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
399 Aemymone sp.1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
 
Goniaderini 
                                   400 Anaedus sp.1 - - - - - 1 - 2 2 - 2 1 
 
- - - - - - - - - 
 
- - - - - - - - - - - 2 
401 Anaedus sp.2 - - 1 - - - 1 - - - 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
402 Anaedus sp.3 - - 1 - - 1 - 1 - 1 1 1 
 
- - - - - - - - - 
 
- 3 1 1 4 1 3 1 1 1 1 - 
403 Anaedus sp.4 - - - - - - - 1 - - - - 
 
- - - - - - - - - 
 
- - - - - 4 1 4 - 1 8 1 
404 Anaedus sp.5 - - 5 - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
405 Anaedus sp.6 - - - - - - - - - - - - 
 
- - - - 1 - - - - 
 
- - - - - - - - - - - - 
406 Anaedus sp.7 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
407 Anaedus sp.8 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
408 Anaedus sp.9 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
409 Anaedus sp.10 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- 1 - - - - - - - - - - 
410 Anaedus sp.11 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
411 Anaedus sp.12 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
 
Lupropini 
                                   412 Lorelus sp.1 - - - - - - - - - - - - 
 
- - - - - - - 1 - 
 
- - - - - - - - - - - - 
 
Diaperinae 
                                   
 
Diaperini 
                                   413 Platydema sp.1 - - - - - - - 2 - 2 2 3 
 
- - - - 4 - - 1 - 
 
- - - 1 - - - - - - - 7 
414 Tyrtaeus plaumanni - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - 1 - - - 
                                     
                                     
                                     
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
VIII 
  
Reserve Cachoeira 
 
Itaqui 
Soil type cambisol 
 
gleysol* 
 
cambisol 
Sampling date June-July 2003 
 
June-July 2003 
 
July-August 2007 
Successional stage 1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 
 
1
a
 1
b
 1
c
 2
a
 2
b
 2
c
 3
a
 3
b
 3
c
 4
a
 4
b
 4
c
 
 
Coelometopinae 
                                 
 
 415 Sphaerotus sp.1 - - - - - - - - - - - - 
 
1 - - - - - - - - 
 
- - - - - - - - - - - - 
                                     
 
Phrenapatinae 
                                  416 Peneta sp.1 - - - - - - - - - - - - 
 
- - - 1 - - - - - 
 
- - - - - - - - - - - - 
417 Peneta sp.2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - 1 
                                     
 
HYDROPHILIDAE   
                                  418 Hydrophilidae MS 2 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - 1 - - - - - 2 
                                   
  
 
Sphaeridiinae 
                                 
  
 
Coelostomatini 
                                  419 Cyclotypus sp.1  - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - 1 - - - - 1 - - 
420 Phaenonotum sp.1  3 - - - - - - - - - - - 
 
- - 1 12 1 1 - - - 
 
- - - - - - - - - - - - 
421 Phaenonotum sp.2  - - - - - - - - - - - - 
 
- - - - - 2 3 - - 
 
- - - - - - - - - - - - 
                                     
 
Megasternini 
                                 
  
422 Pelosoma sp.1  - - - - - - - - - 1- 1 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
423 Deltostethus sp. 1 - - - - - - - - - - - - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
                                    
 
 
Omicrini    
                                   424 Lala sp.1  - - - - - - - 1 1 1 4 - 
 
- - - - - - - - - 
 
- - - - - - - - - - - - 
425 Omicrini MS 1  - - - - 1 - 6 20 5 5 4 3 
 
- - - 4 8 2 1 11 2 
 
- - - 18 - 5 6 16 28 12 13 27 
                                     
 
Hydrophilinae 
                                  
 
Anacaenini 
                                   426 Paracymus sp.1  - - - - - - - - - - - - 
 
2 - - 1 - - - - - 
 
- - - - - - - - - - - - 
                                     
 
EUCINETIDAE 
                                  427 Jentozkus sp.1 - - - 1 12 3 3 5 11 5 5 8 
 
- - - - - 1 - 3 - 
 
- - - - - - - - 1 - - 1 
                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
IX 
 
                        
                         
                         
                         
 
                        
                         
                                                  
Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
 
STAPHYLINIDAE 
                     
 
Paederinae 
                       
 
Paederini 
                       1 Acarotopus sp.1 - - - 
 
- - - 
 
2 1 3 
 
1 1 - 
 
- - - 
 
- - - 
2 Astenus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
3 Astenus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
 
2 - - 
4 Astenus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
5 Biocrypta sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - 1 
 
1 - - 
6 Biocrypta sp.2 - - 8 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
 
- - 1 
7 Biocrypta sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
8 Biocrypta sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
9 Biocrypta sp.5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
10 Dibelonetes sp.1 - - - 
 
- - - 
 
2 7 9 
 
- 4 - 
 
- - - 
 
- - - 
11 Dibelonetes sp.2 - - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - 2 
 
1 - - 
12 Dibelonetes sp.3 - - - 
 
1 - - 
 
- - 2 
 
4 4 1 
 
- - - 
 
- - - 
13 Dibelonetes sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
14 Echiaster sp.1 - - - 
 
- - 3 
 
7 21 7 
 
2 18 9 
 
- - - 
 
- - - 
15 Echiaster sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
16 Echiaster sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
17 Eustilicus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
18 Paederinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
19 Paederinae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
20 Paederinae MS 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
21 Paederinae MS 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
22 Paederinae MS 5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 1 
 
- 2 - 
23 Paederinae MS 6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 3 
24 Homaeotarsus sp.1 - - 2 
 
- - 1 
 
- - - 
 
- - - 
 
8 - 1 
 
4 - 1 
25 Homaeotarsus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
26 Homaeotarsus sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
27 Lithocharis sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
28 Monista sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
5 - - 
 
- - 2 
29 Paederus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
30 Ronetus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
2 - - 
 
2 1 - 
31 Ronetus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
32 Ronetus sp.3 - - 1 
 
1 1 - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
33 Scopaeus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
34 Scopaeus sp.2 1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
35 Stenopholea sp.1 - - - 
 
1 - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
36 Suniotrichus sp.1 - - - 
 
- - - 
 
1 3 - 
 
- 1 - 
 
- - - 
 
1 - - 
37 Suniotrichus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
38 Suniotrichus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 1 
 
- - - 
39 Suniotrichus sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
40 Suniotrichus sp.5 - - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
 
- - - 
41 Thinocharis sp.1 - - - 
 
10 - - 
 
- 34 83 
 
10 87 9 
 
- - - 
 
2 1 - 
42 Thinocharis sp.2 - - 1 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
43 Thinocharis sp.3 - - 4 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
44 Xenaster sp.1 - - - 
 
- - - 
 
- - - 
 
- 1 1 
 
- - - 
 
- - - 
45 Xenaster sp.2 - - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Pinophilini 
                       46 Oedichirus sp.1 - - - 
 
1 - - 
 
3 - 1 
 
2 - - 
 
- - - 
 
- 1 - 
47 Oedichirus sp.2 - - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
48 Oedichirus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
49 Oedichirus sp.4 - - - 
 
- - - 
 
1 10 4 
 
- 3 5 
 
- - - 
 
- - - 
50 Pinophilus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
51 Pinophilus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
52 Pinophilus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
53 Palaminus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
3 - - 
 
- - - 
54 Palaminus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
55 Palaminus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
56 Palaminus sp.4 1 - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
 
Pselaphinae 
                      
 
Goniaceritae 
                       
57 Arthmius sp.1 n.i. 
 
- - - 
 
- - - 
           
           
           
Litter inhabiting Beetle Species found agroforests of Rio Pequeno located in the 
Guaraqueçaba Region  
A.1b: Beetle sampled by litter sifting and Winkler extraction in submontane secondary and old-growth forests and 
agroforests of the Guaraqueçaba region, Parana, Brazil. 
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
X 
                                                           
Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
58 Arthmius sp.2 n.i. 
 
- - - 
 
- 1 - 
59 Arthmius sp.3 n.i. 
 
- - - 
 
2 1 - 
60 Arthmius sp.4 n.i. 
 
- - - 
 
- - - 
61 Arthmius sp.5 n.i. 
 
- - - 
 
- - - 
62 Arthmius sp.6 n.i. 
 
1 - - 
 
- 1 1 
63 Arthmius sp.7 n.i. 
 
- - - 
 
- - - 
64 Arthmius sp.8 n.i. 
 
- - - 
 
- - - 
65 Arthmius sp.9 n.i. 
 
- - - 
 
- - - 
66 Arthmius sp.10 n.i. 
 
- - - 
 
- - - 
67 Arthmius sp.11 n.i. 
 
- - - 
 
- - - 
68 Arthmius sp.12 n.i. 
 
- - - 
 
- - - 
69 Arthmius sp.13 n.i. 
 
- - - 
 
- - - 
70 Batrybraxis sp.1 n.i. 
 
- - - 
 
- - - 
71 Batrybraxis sp.2 n.i. 
 
- - - 
 
- - - 
72 Brachyglutini MS 1 n.i. 
 
- - - 
 
- - - 
73 Brachyglutini MS 2 n.i. 
 
- - - 
 
- - - 
74 Brachyglutini MS 3 n.i. 
 
- - - 
 
- - - 
75 Brachyglutini MS 4 n.i. 
 
- - - 
 
- - - 
76 Brachyglutini MS 5 n.i. 
 
- - - 
 
- - - 
77 Brachyglutini MS 6 n.i. 
 
- - - 
 
- - - 
78 Brachyglutini MS 7 n.i. 
 
- - - 
 
- - - 
79 Brachyglutini MS 8 n.i. 
 
- - - 
 
- - - 
80 Dalmonexus sp.1 n.i. 
 
- - - 
 
- - - 
81 Decathron sp.1 n.i. 
 
- - - 
 
- 1 - 
82 Euphalepsus sp.1 n.i. 
 
- - - 
 
- - - 
83 Euphalepsus sp.2 n.i. 
 
2 - - 
 
- - - 
84 Euphalepsus sp.3 n.i. 
 
- - - 
 
- - - 
85 Euphalepsus sp.4 n.i. 
 
- - - 
 
- - - 
86 Euphalepsus sp.5 n.i. 
 
- - - 
 
- - - 
87 Euphalepsus sp.6 n.i. 
 
- - - 
 
- - - 
88 Eupsenius sp.1 n.i. 
 
- - - 
 
- - 1 
89 Goniacerus sp.1 n.i. 
 
- - - 
 
- - - 
90 Goniacerus sp.2 n.i. 
 
- - - 
 
- - - 
91 Goniacerus sp.3 n.i. 
 
- - - 
 
- - - 
92 Goniacerus sp.4 n.i. 
 
- - - 
 
- - - 
93 Goniastes sp.1 n.i. 
 
- - - 
 
- 39 - 
94 Goniastes sp.2 n.i. 
 
- - - 
 
- - - 
95 Phalepsoides sp.1 n.i. 
 
- - - 
 
- - - 
96 Scalenarthrus sp.1 n.i. 
 
- - - 
 
- - - 
97 Syrbatus sp.1 n.i. 
 
- - - 
 
- - - 
98 Syrbatus sp.2 n.i. 
 
- - - 
 
- - - 
99 Syrbatus sp.3 n.i. 
 
- - - 
 
- - - 
100 Syrbatus sp.4 n.i. 
 
- - - 
 
- - - 
101 Syrbatus sp.5 n.i. 
 
- - - 
 
- - - 
102 Syrbatus sp.6 n.i. 
 
- - - 
 
- 2 - 
103 Syrbatus sp.7 n.i. 
 
- - - 
 
- - - 
104 Syrbatus sp.8 n.i. 
 
- - - 
 
- - - 
105 Syrbatus sp.9 n.i. 
 
1 - - 
 
- - - 
106 Syrbatus sp.10 n.i. 
 
- - - 
 
- - - 
107 Syrbatus sp.11 n.i. 
 
- - - 
 
- - - 
108 Syrbatus sp.13 n.i. 
 
- - - 
 
- - - 
109 Syrbatus sp.14 n.i. 
 
1 - - 
 
- 1 - 
110 Syrbatus sp.15 n.i. 
 
- - - 
 
- - - 
111 Syrbatus sp.16 n.i. 
 
- - - 
 
- - - 
                         
 
Clavigeritae 
                       112 Fustiger sp.1 n.i. 
 
- - - 
 
- - - 
 
Euplectitae 
                       113 Eurhexius sp.1 n.i. 
 
1 - - 
 
- - 1 
114 Eurhexius sp.2 n.i. 
 
- - - 
 
- - - 
115 Eurhexius sp.3 n.i. 
 
- - - 
 
- - - 
116 Eurhexius sp.5 n.i. 
 
- - - 
 
- - - 
117 Euplectitae MS 1 n.i. 
 
- - - 
 
- - - 
118 Euplectitae MS 2 n.i. 
 
- - - 
 
- - - 
119 Euplectitae MS 3 n.i. 
 
- - - 
 
- - - 
120 Euplectitae MS 4 n.i. 
 
- - - 
 
- - - 
121 Melba sp.1 n.i. 
 
- - - 
 
- - - 
122 Melba sp.2 n.i. 
 
- - - 
 
- - - 
123 Metopiellus sp.1 n.i. 
 
- - - 
 
- - - 
124 Metopiellus sp.2 n.i. 
 
- - - 
 
- - - 
125 Metopiellus sp.3 n.i. 
 
- - - 
 
- - - 
126 Metopyoxis sp.1 n.i. 
 
- - - 
 
- - - 
127 Metopyoxis sp.2 n.i. 
 
- - - 
 
- - - 
128 Pyxidion sp.1 n.i. 
 
- - - 
 
- - - 
129 Rhexius sp.1 n.i. 
 
- - - 
 
- - - 
130 Rhexius sp.2 n.i. 
 
- - - 
 
- - - 
           
           
Litter inhabiting Beetles Species of the Guaraqueçaba Region 
 
 
XI 
                                                  
Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
 
Pselaphitae 
         131 Trimiina MS 1 n.i. 
 
- - - 
 
- - - 
132 Rhinocepsis sp.1 n.i. 
 
- - - 
 
- 6 - 
133 Termitotyrus sp.1 n.i. 
 
- - - 
 
- - - 
134 Termitotyrus sp.2 n.i. 
 
- - - 
 
- - - 
135 Apharus sp.1  n.i. 
 
- - - 
 
- - - 
136 Apharus sp.2 n.i. 
 
- - - 
 
- - - 
137 Phalepsus sp.1 n.i. 
 
- - - 
 
- - - 
138 Phalepsus sp.2 n.i. 
 
- - - 
 
- - - 
139 Listrophorus sp.1 n.i. 
 
- - - 
 
- - - 
                         
 
Scaphidiinae 
                      140 Baeocera sp.1 - - - 
 
- - - 
 
- 1 1 
 
- 11 - 
 
2 - - 
 
1 4 1 
141 Scaphisoma sp.1 - - - 
 
- - - 
 
- 17 1 
 
1 20 - 
 
- - - 
 
- - - 
142 Scaphisoma sp.2 - - 1 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Staphylininae 
                      
 
Xantholinini 
                       143 Renda sp.1 - - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
 
- - - 
144 Xantolini MS 1 - - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
 
Staphylinini   
                       145 Belonochus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
146 Belonochus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
147 Paederominus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
148 Paederominus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
149 Philonthus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
150 Philotalpus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
151 Philotalpus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
152 Staphylinini MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
153 Xanthopygus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
3 - - 
 
- - - 
154 Xanthypigina MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Piestinae 
                       155 Piestus schadei - - - 
 
- - - 
 
- - 4 
 
- - - 
 
- - - 
 
- - - 
156 Piestus sulcatus - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
                         
 
Oxytelinae 
                       157 Anotylus sp.1 - - - 
 
- - - 
 
- 1 - 
 
- 4 - 
 
- - - 
 
- - - 
158 Anotylus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
159 Anotylus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
160 Anotylus sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
161 Carpelimus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
162 Oxytelinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
163 Oxytelinae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Osoriinae   
                       164 Craspedus iheringi - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
165 Espeson sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
2 - - 
 
2 - - 
166 Holotrochus micans - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
167 Holotrochus schubarti - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
168 Holotrochus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
169 Holotrochus sp.3 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
170 Holotrochus vianai - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
171 Nacaeus impressicollis - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
172 Nacaeus peruvianus - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- 1 - 
173 Nacaeus planellus 
               
- - - 
 
- - - 
174 Nacaeus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
1 - 1 
175 Osoriellus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
176 Osoriellus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
177 Osoriellus sp.3 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
178 Osoriinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
179 Osorius peruvianus - - - 
 
- - 1 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
180 Osorius piceus  - - - 
 
- - - 
 
- - - 
 
- 2 - 
 
- - - 
 
- - - 
181 Osorius wasmanni - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
182 Ouloglene sp.1 - - - 
 
- - - 
 
- - - 
 
- 13 - 
 
- - - 
 
- - - 
183 Tannea schubarti - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
184 Thoracophorus exilis - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
185 Thoracophorus sahlbergi - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
186 Thoracophorus sculptilis - - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
187 Thoracophorus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
5 - - 
                         
 
Euaesthetinae 
                      188 Edaphus bryanti - - - 
 
1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
189 Edaphus depressus - - - 
 
1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
190 Edaphus hoppi - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
191 Edaphus rishwani - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
192 Edaphus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
193 Edaphus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
194 Edaphus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
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XII 
                                                  
Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
195 Euaesthetinae MS 1 
               
- - - 
 
- - - 
                         
 
Steninae 
                       196 Plathystethus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
197 Stenus sp.1 - - - 
 
- - - 
 
2 1 1 
 
- - - 
 
4 - - 
 
- 6 - 
198 Stenus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Tachyporinae 
                      199 Bryoporus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
200 Cileoporus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
201 Coproporus sp.1 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
202 Sepedophilus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
203 Tachyporinae MS 1 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
204 Tachyporinae MS 2 - - - 
 
1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
205 Tachyporinae MS 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
206 Vatesus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
207 Vatesus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Megalopsidiinae 
                     208 Megalopinus cavifrons - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
209 Megalopinus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
210 Megalopinus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
211 Clivilispinus politus - - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
 
- - - 
 
Aleocharinae 
                      212 Aleocharinae MS 1 n.i. 
 
- - - 
 
- - - 
213 Aleocharinae MS 2 n.i. 
 
- - - 
 
- - - 
214 Aleocharinae MS 3 n.i. 
 
- - - 
 
- - - 
215 Aleocharinae MS 4 n.i. 
 
- - - 
 
- - - 
216 Aleocharinae MS 5 n.i. 
 
- - - 
 
- - - 
217 Aleocharinae MS 6 n.i. 
 
- - - 
 
- - - 
218 Aleocharinae MS 7 n.i. 
 
- - - 
 
- - - 
219 Aleocharinae MS 8 n.i. 
 
- - - 
 
- - - 
220 Aleocharinae MS 9 n.i. 
 
- - - 
 
- - - 
221 Aleocharinae MS 10 n.i. 
 
- - - 
 
- - - 
222 Aleocharinae MS 11 n.i. 
 
- - - 
 
- - - 
223 Aleocharinae MS 12 n.i. 
 
- - - 
 
- - - 
224 Aleocharinae MS 13 n.i. 
 
- - - 
 
- - - 
225 Aleocharinae MS 14 n.i. 
 
- - - 
 
- - - 
226 Aleocharinae MS 15 n.i. 
 
- - - 
 
- - - 
227 Aleocharinae MS 16 n.i. 
 
- - - 
 
- - - 
228 Aleocharinae MS 17 n.i. 
 
- - - 
 
- - - 
229 Aleocharinae MS 18 n.i. 
 
- - - 
 
- - - 
230 Aleocharinae MS 19 n.i. 
 
- - - 
 
- - - 
231 Aleocharinae MS 20 n.i. 
 
- - - 
 
- - - 
232 Aleocharinae MS 21 n.i. 
 
- - - 
 
- - - 
233 Aleocharinae MS 22 n.i. 
 
- - - 
 
- - - 
234 Aleocharinae MS 23 n.i. 
 
- - - 
 
- - - 
235 Aleocharinae MS 24 n.i. 
 
- - - 
 
- - - 
236 Aleocharinae MS 25 n.i. 
 
- - - 
 
- - - 
237 Aleocharinae MS 26 n.i. 
 
- - - 
 
- - - 
238 Aleocharinae MS 27 n.i. 
 
- - - 
 
- - - 
239 Aleocharinae MS 28 n.i. 
 
- - - 
 
- - - 
240 Aleocharinae MS 29 n.i. 
 
- - - 
 
- - - 
241 Aleocharinae MS 30 n.i. 
 
- - - 
 
- - - 
242 Aleocharinae MS 31 n.i. 
 
- - - 
 
- - - 
243 Aleocharinae MS 32 n.i. 
 
- - - 
 
- - - 
244 Aleocharinae MS 33 n.i. 
 
- - - 
 
- - - 
245 Aleocharinae MS 34 n.i. 
 
- - - 
 
- - - 
246 Aleocharinae MS 35 n.i. 
 
- - - 
 
- - - 
247 Aleocharinae MS 36 n.i. 
 
- - - 
 
- - - 
248 Aleocharinae MS 37 n.i. 
 
- - - 
 
- - - 
249 Aleocharinae MS 38 n.i. 
 
- - - 
 
- - - 
250 Aleocharinae MS 39 n.i. 
 
- - - 
 
- - - 
251 Aleocharinae MS 40 n.i. 
 
- - - 
 
- - - 
                         
 
CURCULIONIDAE 
                     
 
Molytinae 
                       252 Molytina MS 1 - - - 
 
- - - 
 
2 1 - 
 
- 1 - 
 
- - - 
 
- - - 
253 Molytina MS 2 - - - 
 
2 - - 
 
6 10 5 
 
2 19 3 
 
- - - 
 
- - - 
254 Conotrachelus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
255 Conotrachelus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
256 Conotrachelus sp.8 - - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
257 Conotrachelus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
258 Conotrachelus sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
259 Conotrachelus sp.5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
260 Conotrachelus sp.7 - - - 
 
- 1 - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
261 Heidipodus zoubkoffii - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
262 Ithaura anaspis - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
263 Rhyssomatus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
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XIII 
                                                                         
Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
 
Conoderinae 
                      264 Conoderinae MS 1 - - - 
 
- - 1 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Cossoninae 
                       265 Cossoninae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
9 - - 
 
- - 1 
266 Cossoninae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
267 Cossoninae MS 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
268 Cossoninae MS 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
269 Cossoninae MS 5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
270 Cossoninae MS 6 - - - 
 
1 - - 
 
- - - 
 
- - 1 
 
- - - 
 
- - - 
271 Cossoninae MS 7 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
272 Cossoninae MS 8 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
273 Cossoninae MS 9 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
274 Cossoninae MS 10 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
275 Cossoninae MS 11 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         Cryptorhynchinae 
                       276 Cryptorhynchinae Ms 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
277 Cryptorhynchinae Ms 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
278 Cryptorhynchinae Ms 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
279 Cryptorhynchinae Ms 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
280 Cryptorhynchinae Ms 6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
281 Cryptorhynchinae Ms 7 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
282 Cryptorhynchinae Ms 8 1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
283 Cryptorhynchinae Ms 9 2 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
284 Tylodes sp.1 - - - - - - - - - - - - - - - 
 
- - - 
 
- - - 
285 Tylodina MS 10 - - - - - - - - - - - - - - - 
 
- - - 
 
- - - 
286 Tylodina MS 18 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
287 Tylodina MS 8 - - - 
 
- - - 
 
- 4 - 
 
- - - 
 
- - - 
 
- - - 
288 Tylodina MS 11 - - - 
 
1 - - 
 
6 - - 
 
- - 5 
 
- - - 
 
- - - 
289 Tylodina MS 9 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
290 Tylodina MS 16 - - - 
 
- - 1 
 
- - 9 
 
- - - 
 
- - - 
 
- - - 
291 Tylodina MS 17 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
292 Tylodina MS 1 - - - 
 
1 - - 
 
1 - 1 
 
- 4 - 
 
- - - 
 
- - - 
293 Tylodina MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
294 Tylodina MS 3 - - - 
 
- - - 
 
- 3 1 
 
- - - 
 
- - - 
 
- - - 
295 Tylodina MS 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
296 Tylodina MS 5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
297 Tylodina MS 6 - - - 
 
- - - 
 
- 4 1 
 
- 1 - 
 
- - - 
 
- - 4 
298 Tylodina MS 7 - - - 
 
- - - 
 
1 6 - 
 
2 25 1 
 
- - - 
 
- - - 
299 Tylodina MS 12 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
300 Tylodina MS 13 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
301 Tylodina MS 14 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
302 Tylodina MS 15 - - - 
 
- - - 
 
- 1 2 
 
- - - 
 
- - - 
 
- - - 
 
Ceuthorhynchinae 
                    303 Ceuthorhynchinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
304 Ceuthorhynchinae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
305 Pruinomerus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Erirhininae 
                       
 
Stenopelmini 
                       306 Helodytes foveolatus - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
307 Notiodes sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
308 Oryzophagus oryzae - - - 
 
- 1 - 
 
1 - - 
 
- - - 
 
- - - 
 
- - - 
309 Phyllotrox sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
310 Onychylis sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 3 - 
                         
 
Leptopiinae 
                       311 Promecops sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Baridinae 
                       312 Baridinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
313 Baridinae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
314 Baridinae MS 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
315 Baridinae MS 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Ambatini 
                       316 Ambates sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Madopterini    
                       317 Madopterini MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
 
- - - 
 
Entiminae 
                       
 
Naupactini 
                       318 Naupactus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Anypotactini 
                       319 Hyphantus teretirostris - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
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Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
 
unidentified 
Sampling date April-May 2007 
 
August-September 2006 
Successional stage 1
a
 1
b
 1
c
 
 
2
a
 2
b
 2
c
 
 
3
a
 3
b
 3
c
 
 
4
a
 4
b
 4
c
 
 
B
1
 B
2
 B
3
 
 
BP
1
 BP
2
 BP
3
 
 
Rhythirrininae 
                      
 
Listroderini 
                       320 Listronotus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Apioninae 
                       
 
Apionini 
                       321 Apion sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
322 Apion sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Curculioninae 
                      
 
Anthonomini 
                       323 Anthonomus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
324 Anthonomus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
325 Pseudoanthonomus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
326 Pseudoanthonomus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
Derelomini 
                       327 Andranthobius sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
Tychiini 
                       328 Sibinia sp.1 1 - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Eugnominae 
                       
 
Eugnomini 
                       329 Udeus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
330 Udeus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
CARABIDAE 
                       
 
Carabinae 
                       
 
Zuphiini 
                       331 Pseudaptinus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
332 Pseudaptinus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Bembidiini 
                       333 Paratachys sp.1 - - - 
 
4 - - 
 
- 7 1 
 
3 2 1 
 
- - - 
 
- - - 
334 Paratachys sp.2 - - - 
 
- - - 
 
- - - 
 
2 - - 
 
- - - 
 
- - - 
335 Paratachys sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
336 Paratachys sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
337 Paratachys sp.5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
338 Paratachys sp.6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
339 Paratachys sp.7 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
340 Paratachys sp.8 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 1 - 
341 Paratachys sp.9 - - - 
 
- - - 
 
- - - 
 
- 2 - 
 
- - - 
 
- - - 
342 Paratachys sp.10 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
343 Paratachys sp.11 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
344 Paratachys sp.12 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
345 Polyderidius sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
 
- - - 
346 Xystosomis inflatus - - - 
 
- - - 
 
- 4 2 
 
1 4 6 
 
- - - 
 
- - - 
347 Xystosomis tholus - - - 
 
25 - 2 
 
8 37 20 
 
7 62 14 
 
- - - 
 
- - - 
                         
 
Pterostichini 
                       348 Abaris sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Pentagonicini 
                       349 Pentagonica media - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
350 Pentagonica sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
351 Pentagonica sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         352 Pentagonica sp.4 - - - 
 
- - - 
 
- 1 - 
 
- - 1 
 
- - - 
 
- - - 
                         
 
Scaritini  
                       353 Ardistomis sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Harpalinae 
                       
 
Lebiini 
                       354 Lebia sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 1 
355 Lebia sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
356 Lebia sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         357 Lebia sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
358 Apenes sp.1 - - - 
 
- - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - 
                         
 
Harpalini   
                       359 Harpalini MS 1 - - 4 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
360 Selenophorus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
2 1 - 
 
- - - 
361 Selenophorus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
362 Selenophorus sp.3 - - - 
 
- 1 - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
363 Selenophorus sp.4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
364 Selenophorus sp.6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
365 Selenophorus sp.7 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
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Reserve Itaqui 
 
Rio Pequeno 
Soil type cambisol 
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a
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1
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1
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2
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Loxandrini 
                       366 Loxandrus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
367 Loxandrus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
368 Loxandrus sp.3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
Helluonini 
                       369 Helluomorpha sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
ENDOMYCHIDAE   
                     
 
Eupsilobiinae 
                      370 Ibicarella sp.1  - - - 
 
- - - 
 
- - - 
 
- 41 - 
 
- - - 
 
- - - 
371 Endomychidae MS 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- 6 - 
                         
 
CERYLONIDAE   
                     372 Cerylonidae Ms 2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Ceryloninae 
                      373 Philothermus sp.1  - - - 
 
- - - 
 
1 6 - 
 
- 9 1 
 
- - - 
 
- - - 
374 Lapethus sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
375 Lapethus sp.3  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
376 Lapethus sp.2  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
LEIODIDAE 
                       377 Leiodidae MS 2 - - - 
 
- - 3 
 
- - 1 
 
- - - 
 
- - - 
 
- - - 
378 Leiodidae MS 5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Leiodinae 
                       
 
Scotocryptini 
                       379 Aglyptinus sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
1 11 1 
380 Aglyptinus sp.2  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
381 Scotocryptus sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Cholevinae 
                       
 
Eucatopini 
                       382 Eucatops sp.1  - - - 
 
5 - - 
 
1 1 3 
 
2 4 1 
 
2 - - 
 
- - 1 
                         
 
Ptomaphagini 
                       383 Paulipalpina sp.1  - - - 
 
- - - 
 
- 9 - 
 
2 1 - 
 
- - - 
 
- - - 
                         
 
TENEBRIONIDAE 
                     384 Tenebrionidae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
385 Tenebrionidae MS 2 - - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - - - - - 
386 Tenebrionidae MS 3 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
387 Tenebrionidae MS 4 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
388 Tenebrionidae MS 5 - - - 
 
- - - 
 
- 1 - 
 
- - - 
 
- - - - - - - 
389 Tenebrionidae MS 6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
390 Tenebrionidae MS 7 - - - 
 
1 - - 
 
- - - 
 
- - - 
 
- - - - - - - 
391 Tenebrionidae MS 8 - - - 
 
- - - 
 
1 - - 
 
- - - 
 
- - - - - - - 
392 Tenebrionidae MS 9 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
393 Tenebrionidae MS 10 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
394 Tenebrionidae MS 11 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
395 Tenebrionidae MS 12 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
396 Tenebrionidae MS 13 - - - 
 
- - - 
 
1 - - 
 
- - - 
 
- - - - - - - 
397 Tenebrionidae MS 14 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
Lagriinae   
                       398 Lagriinae MS 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 3 
 
- - - 
399 Aemymone sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - 2 
 
- 1 - 
                         
 
Goniaderini 
                       400 Anaedus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
401 Anaedus sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
402 Anaedus sp.3 - - 1 
 
1 - - 
 
- - - 
 
- - 1 
 
- - - - - - - 
403 Anaedus sp.4 - - - 
 
1 - 1 
 
- - 2 
 
1 2 1 
 
- - - - - - - 
404 Anaedus sp.5 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
405 Anaedus sp.6 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
406 Anaedus sp.7 - - - 
 
- - - 
 
1 - - 
 
- - 1 
 
- - - - - - - 
407 Anaedus sp.8 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
408 Anaedus sp.9 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
409 Anaedus sp.10 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
410 Anaedus sp.11 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
411 Anaedus sp.12 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
 
Lupropini 
                       412 Lorelus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
Diaperinae 
                       
 
Diaperini 
                       413 Platydema sp.1 - - - 
 
- - - 
 
- - - 
 
1 - 2 
 
- - - 
 
- 4 - 
414 Tyrtaeus plaumanni - - - 
 
- - - 
 
- - - 
 
- - - 
 
17 - - 
 
- - 13 
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Coelometopinae 
                     415 Sphaerotus sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
Phrenapatinae 
                      416 Peneta sp.1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
417 Peneta sp.2 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
HYDROPHILIDAE   
                     418 Hydrophilidae MS 2 - - - 
 
- - - 
 
- 1 - 
 
1 - - 
 
- - - - - - - 
                         
 
Sphaeridiinae 
                      
 
Coelostomatini 
                       419 Cyclotypus sp.1  - - - 
 
- - - 
 
- - 3 
 
2 - - 
 
- - - - - - - 
420 Phaenonotum sp.1  3 1 1 
 
- - - 
 
- - - 
 
- - - 
 
1 - - 
 
2 - - 
421 Phaenonotum sp.2  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
Megasternini 
                       422 Pelosoma sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- 2 - 
 
- 2 - 
423 Deltostethus sp. 1 - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - 
                         
 
Omicrini    
                       424 Lala sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
425 Omicrini MS 1  - - - 
 
5 - 1 
 
1 4 16 
 
4 7 4 
 
- 1 - 
 
- - - 
                         
 
Hydrophilinae 
                      
 
Anacaenini 
                       526 Paracymus sp.1  - - - 
 
- - - 
 
- - - 
 
- - - 
 
- - - - - - - 
                         
 
EUCINETIDAE 
                      427 Jentozkus sp.1 - - -   - - -   - - -   - - -   - - -   - - 1 
                         
 
 
Ground related Beetles sampled with pitfall traps in old-growth forest 
 
 
XVII 
 
  
Species Family Sampling date 
    2007   2008 
    Mar Apr May Jun Jul Aug Sep Oct ov Dec   Jan Feb Mar Apr May Jun Jul 
Deltochilum sp.1 Scarabaeidae 6 6 2 0 0 0     0 1   11 25 5 1 1 0 0 
Deltochilum fissus Scarabaeidae 3 0 0 0 0 0     0 0   1 8 5 0 0 0 0 
Deltochilum sericeus Scarabaeidae 1 1 0 0 2 0     0 0   0 0 0 1 0 0 0 
Trizogeniates sp.1 Scarabaeidae 0 0 0 0 0 0     1 1   0 0 0 0 0 0 0 
Canthidium sp.1 Scarabaeidae 1 0 0 0 0 0     0 0   0 0 0 0 0 0 0 
Melolonthinae MS 1 Scarabaeidae 0 0 0 0 0 0     0 1   0 0 0 0 0 0 0 
Canthon sp.1 Scarabaeidae 0 0 0 0 0 0     0 0   0 1 0 0 0 0 0 
Coprophanaeus spitzi Scarabaeidae 0 0 0 0 0 0     0 2   0 0 0 0 0 0 0 
Scarabaieidae MS1 Scarabaeidae 0 0 0 0 0 0     0 0   0 3 0 0 0 0 0 
Scolytinae MS 1 Curculionidae 0 0 0 0 0 1     0 0   0 0 0 0 0 0 0 
Scolytinae MS 2 Curculionidae 0 0 0 2 0 5     0 0   0 0 0 0 0 0 0 
Scolytinae MS 3 Curculionidae 0 0 0 0 0 1     0 0   0 0 0 0 0 0 0 
Scolytinae MS 4 Curculionidae 10 5 5 9 2 14 
  
2 20 
 
10 28 0 3 5 0 1 
Scolytinae MS 5 Curculionidae 1 0 0 2 0 1 
  
2 5 
 
0 3 6 4 1 3 0 
Scolytinae MS 6 Curculionidae 0 0 0 2 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Scolytinae MS 7 Curculionidae 0 0 0 1 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Scolytinae MS 8 Curculionidae 0 0 0 3 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Scolytinae MS 9 Curculionidae 1 0 0 0 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Scolytinae MS 10 Curculionidae 0 0 1 7 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Scolytinae MS 11 Curculionidae 1 0 0 0 0 1 
  
0 0 
 
0 0 0 0 0 1 0 
Scolytinae MS 12 Curculionidae 1 2 0 4 0 1 
  
2 0 
 
1 0 0 0 1 0 0 
Scolytinae MS 13 Curculionidae 2 0 1 2 0 1 
  
0 2 
 
0 0 0 0 0 0 0 
Ithaura anaspis Curculionidae 3 1 0 0 0 0 
  
1 2 
 
1 1 1 0 0 0 0 
Conotrachelus sp.1 Curculionidae 0 0 0 0 0 0 
  
0 0 
 
0 1 0 0 0 0 0 
Molytina MS 2 Curculionidae 0 0 0 0 0 0 
  
0 0 
 
1 0 0 0 0 0 0 
Cryptorhyn. MS 10 Curculionidae 0 0 0 1 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Tylodes sp.1 Curculionidae 0 1 0 0 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Cryptorhyn. MS 9 Curculionidae 0 0 0 1 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Curculionidae MS 1 Curculionidae 0 1 0 0 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Tylodina MS 13 Curculionidae 1 0 0 0 0 1 
  
0 0 
 
0 0 0 1 0 1 0 
Tylodina MS 12 Curculionidae 0 0 1 0 4 0 
  
1 0 
 
0 0 0 1 0 0 0 
Hydrophilidae MS Y Hydrophilidae 34 7 6 0 0 0 
  
9 2 
 
5 5 9 3 0 0 0 
Hydrophilidae MS X Hydrophilidae 0 0 0 0 0 0 
  
5 3 
 
2 0 0 1 0 0 0 
Hydrophilidae MS Z Hydrophilidae 1 0 0 0 0 0 
  
2 1 
 
0 0 0 0 0 0 0 
Hydrophilidae MS V Hydrophilidae 0 1 0 0 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Histeridae MS 1 Histeridae 0 0 0 3 0 0 
  
0 0 
 
0 1 1 3 0 0 0 
Histeridae MS 2 Histeridae 1 0 1 0 0 0 
  
0 1 
 
0 0 0 1 0 0 0 
Eucatops sp.1 Leiodidae 2 0 3 0 0 2 
  
0 0 
 
6 0 2 5 2 0 2 
Paulipalpina sp.1 Leiodidae 0 0 0 1 0 0 
  
0 0 
 
0 0 0 0 0 0 0 
Leiodidae MS 2 Leiodidae 0 0 0 0 0 0 
  
0 0 
 
0 0 0 0 1 0 0 
Ptiliidae MS 1 Ptiliidae 0 5 0 1 0 1 
  
2 4 
 
0 2 0 0 1 3 3 
Ptiliidae MS 2 Ptiliidae 0 0 0 0 0 0 
  
2 0 
 
0 0 0 0 0 0 0 
   
  
  
Appendix A.2 
 
Ground related Beetles sampled with Pitfall Traps in one Submontane Atlantic Old-
growth Forest 
Ground related Beetles sampled with pitfall traps in old-growth forest 
 
 
XVIII 
Species Family Sampling date 
    2007   2008 
    Mar Apr May Jun Jul Aug Sep Oct ov Dec   Jan Feb Mar Apr May Jun Jul 
Anaedus sp.3 Tenebrionidae 0 0 0 0 0 0     1 0   0 0 0 0 1 0 0 
Anaedus sp.6 Tenebrionidae 0 0 0 0 0 0     1 0   0 0 0 0 0 0 0 
Anaedus sp.2 Tenebrionidae 0 0 0 0 0 0     0 0   0 0 0 0 1 0 0 
Platydema sp.1 Tenebrionidae 0 0 0 1 0 2     0 0   0 0 0 1 0 0 0 
Ibicarella sp.1 Endomychidae 0 0 3 0 2 0 n.d. n.d. 0 0   0 0 0 3 0 1 1 
Pselaphinae MS 1 Staphylinidae 0 0 0 0 0 0     0 0   0 0 0 1 0 0 0 
Pselaphinae MS 2 Staphylinidae 0 0 0 0 0 0     0 0   0 0 0 0 0 0 2 
Pselaphinae MS 3 Staphylinidae 0 0 0 0 0 0     0 0   0 0 0 1 0 0 0 
Pselaphinae MS 4 Staphylinidae 0 0 0 0 0 0     0 0   0 0 0 0 0 1 0 
Aleocharinae MS 1  Staphylinidae 0 3 1 0 0 0     0 0   0 0 0 1 5 0 16 
Acarotopus sp.1 Staphylinidae 0 0 0 0 0 0     0 0   1 0 0 0 1 0 0 
Aleocharinae MS X  Staphylinidae 5 9 0 0 0 0     0 3   2 4 1 5 5 0 0 
Aleocharinae MS Y Staphylinidae 4 4 3 12 2 7     19 4   4 11 1 1 1 1 0 
Xenaster sp.1 Staphylinidae 0 0 0 0 0 0     0 0   0 0 0 1 1 0 0 
Anotylus sp.1 Staphylinidae 2 0 0 1 0 0     0 0   0 0 2 1 0 0 1 
Thoracophorus sp.5 Staphylinidae 0 0 0 0 0 0     0 0   0 0 1 0 0 0 0 
Anotylus sp.5 Staphylinidae 0 0 0 0 0 0     0 0   0 1 1 2 1 0 0 
Anotylus sp.6 Staphylinidae 0 0 1 0 0 0     0 0   0 0 0 0 0 0 0 
Dibelonetes sp.4 Staphylinidae 1 0 0 0 0 0     0 0   0 0 0 0 0 0 0 
Dibelonetes sp.1 Staphylinidae 0 0 0 0 0 0     0 0   1 0 0 0 0 0 0 
Thinocharis sp.1 Staphylinidae 0 0 0 0 1 0     0 0   1 0 0 0 0 0 0 
Thinocharis sp.2 Staphylinidae 0 0 0 0 0 0     1 0   0 0 0 0 0 0 0 
Thinocharis sp.4 Staphylinidae 0 0 0 0 0 0     0 1   0 0 0 0 0 0 0 
Tachyporinae MS 4 Staphylinidae 1 0 0 0 0 0     0 0   0 0 0 0 0 0 0 
Echiaster sp.1 Staphylinidae 0 0 0 1 0 0     0 0   0 0 0 0 0 0 0 
Euaestethinae MS 1  Staphylinidae 0 0 0 0 0 0     0 0   0 1 0 0 0 0 0 
Xantholini MS 1 Staphylinidae 0 1 0 0 0 0     0 4   0 0 0 0 0 0 0 
Apenes sp.1 Carabidae 2 1 0 0 0 0     1 0   0 0 0 0 0 0 0 
Apenes sp.2 Carabidae 0 0 0 0 0 0     0 0   0 1 0 0 0 0 0 
Loxandrus sp.3 Carabidae 1 0 0 0 0 1     0 0   0 0 0 0 0 0 0 
Paratachys sp.2 Carabidae 0 0 0 0 0 0     1 0   0 0 0 0 0 0 0 
Pentagonica sp.2 Carabidae 0 0 0 0 0 1     0 0   0 0 0 0 0 0 0 
Pterostichini MS 1 Carabidae 0 0 1 0 0 0     0 1   0 0 0 0 0 0 0 
Cincindelidae MS 1 Cincindelidae 1 0 0 0 0 0     0 1   1 5 0 0 0 0 0 
Jentozkus sp.1 Eucinetidae 1 0 1 1 0 0     0 0   0 0 0 0 0 0 0 
Nitidulidae MS 1 Nitidulidae 0 0 0 0 0 12     0 0   0 17 0 0 0 0 0 
Nitidulidae MS 2 Nitidulidae 0 0 0 0 0 1     0 0   0 0 0 0 0 0 0 
Nitidulidae MS 3 Nitidulidae 0 0 0 2 0 2     0 0   0 0 0 0 0 0 0 
Nitidulidae MS 4 Nitidulidae 1 1 1 1 0 0     16 13   4 1 2 2 3 0 6 
Activity abundance   88 49 31 58 13 55     69 72   52 119 37 43 31 11 32 
Number of species   26 16 15 21 6 18     18 20   16 18 13 22 16 7 8 
 
 
 
 
Keys to Morphospecies of selected Beetle Families 
 
 
XIX 
 
 
 
 
Keys to Morphotypes of selected Beetle Genera found in Leaf Litter of 
Submontane Forests of Southern Brazil 
 
Dichotomous keys to some morphotypes found in forest leaf litter of the nature reserves Rio do 
Cachoeira and Serra do Itaqui as well as of adjacent agro forestry sites in the Southern Brazilian 
Atlantic forest. These keys were established as a quality control tool to assure a proper 
morphotype separation and do not have the demand to act as a reliable key for species 
determination. Genera are only registered in this Annex, if more than one – not on species level 
identifiable - species was determined, which necessitate a differentiation. Identified species were 
listed, if also existing in one of the performed genera. To assure a more complete overview about 
the appearance of morphotypes in some genera on a regional scale for further studies, I also 
incorporated morphotypes, which were not used in this thesis. That includes morphotypes 
exclusively found in leaf litter of forest stands on gleysolic soil (marked with ), which were 
published in an additional article (Hopp et al. 2010
1
) as well as morphotypes found in study sites of 
Cachoeira reserve outside the sampling period (marked with *). Several staphylinid genera are not 
included in this Annex, as they were both determined and already stored in Brazil (Echiaster [sp.1-
3], Scopaeus [sp.1-2], Belonochus [sp.1-2]), or not determined by the author (Edaphus [sp.1-3], 
Philotalpus [sp.1-2], Holotrochus [sp.1,3] Termitotyrus [sp.1-2]; see 2.3.2). 
 
 
1. STAPHYLI%IDAE 
 
Genera were determined using the key to Mexican staphylinids by Naverrete-Heredia et al. (2002).  
 
 
1.1 PAEDERI%AE  
 
1.1.1 Paederini: Ronetus  
1 pronotum with median carina and 2 longitudal grooves along the median  
line (Fig.A3.1a)……………………………………………………………….…….
 
Ronetus sp.1  
1* pronotum without median carina; longitudal grooves at most very weakly
implied………………………………………………………………………………2 
2 head elongate and narrowed posterior………………………………………………Ronetus sp. 2 
2* head more or less squarish; narrowed abruptly to form neck………………………Ronetus sp. 3 
 
 
                                                 
1
 Hopp PW et al. (2010) Recovery of litter inhabiting beetle assemblages during forest regeneration in the Atlantic forest of Southern Brazil. Insect 
Conservation and Diversity 13:103-113 
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1.1.2 Paederini: Xenaster    
1 pronotum pentagonal; light brown; head and elytra darker brown (Fig.A3.1b).........Xenaster sp.1  
1* pronotum elongate, less pentagonal; head, pronotum and elytra light brown.....……Xenaster sp.2 
 
 
 
Figure A3.1: Dorsal view of Ronetus sp.1 (A), Xenaster sp.1 (B) and Thinocharis sp.1 (C). 
 
 
 
1.1.3 Paederini: Thinocharis   
1 elytra ~ as long and as wide as pronotum; head, pronotum and elytra black  
(Fig. A3.1c)……………………………………………………………………….…
 
Thinocharis sp.1  
1* elytra wider and longer as pronotum……………………………………………..…2 
2 head, pronotum and elytra black; head larger than 2*………………………………Thinocharis sp.2 
2* 
2** 
head dark brown; pronotum and elytra light brown, head more narrow……………
smaller than 2 and 2*; ligament between abdominal tergites dark…………………
Thinocharis sp.3 
Thinocharis sp.4* 
Figure A3.2: Dorsal view of Suniotrichus sp.1 (A), Suniotrichus sp.2 (B) and Suniotrichus sp.3 (C). 
 
 
1.1.4 Paederini: Suniotrichus   
1 labrum with 2 elongate teeth on apical margin; head with 2 parallel impressions  
(Fig. A3.2a)………………………………………………………………………… Suniotrichus sp.1  
1* head without impressions……………………………………………………………2 
2 pronotum distinctly pentagonal………………………………………………………3 
2* pronotum more squarish, anterior angles more rounded……………………………..4 
3 pronotum longer than wide; larger species, head and pronotum darkish brown; 
elytra light brown (Fig. A3.2b)……………………………………………………..
 
Suniotrichus sp.2  
3* pronotum wider than long; smaller species; reddish brown (Fig. A3.3a)………..... Suniotrichussp.4  
 A    B  C 
 A  B  C 
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4 pronotum little longer than wide and rounded; elytra with pale apical margin  
(Fig. A3.2c)…………………………………………………………………………
 
Suniotrichus sp.3  
4* pronotum wider than long; head dark; elytra and pronotum reddish brown; species 
larger………………………………………………………………………………….
 
Suniotrichus sp.5 
 
 
 
1.1.5 Paederini: Homaeotarsus   
1 pronotum weakly punctate………………………………………………………….2 
1* pronotum strongly punctate; smaller……………………………………………..…3 
2 head smaller…………………………………………………………………………Homaeotarsus 
sp.3* 
2* head wider (Fig. A3.3c)…………………………………………………………….
 
Homaeotarsus  
sp.2  
3 median part of frons without punctures (Fig. A3.3b)……………………………….
  
Homaeotarsus  
sp.1  
3* head evenly punctate……………………………………………………………….Homaeotarsus  
sp.4 
 
 
Figure A3.3: Dorsal view of Suniotrichus sp.4 (A), Homaeotarsus sp.1 (B) and Homaeotarsus sp.2 (C). 
 
 
 
1.1.6 Paederini: Biocrypta    
1 pronotum longer than elytra………………………………………………………Biocrypta sp.5 
1* elytra longer or as long as pronotum…………………………………………….. 2 
2 pronotum pentagonal, brown……………………………………………..……....Biocrypta sp.4 
2* pronotum squarish with rounded angles………………………………………….3 
3 specimens smaller (Fig. A3.4c)……………………………………………………Biocrypta sp.3  
3* specimens larger…………………………………………………………………..4 
4 pronotum coarsely punctate (Fig. A3.4a)…………………………………………Biocrypta sp.1  
4* pronotum weakly punctate (Fig. A3.4b)………………………………………….Biocrypta sp.2  
 
 
 
1.1.7 Paederini: Oedichirus   
1 specimens larger; legs pale with posterior and anterior parts of tibia and femur 
darker……………………………………………………………………………..Oedichirus sp.3 
1* specimens smaller, different from above…………………………………………2 
2 pronotum pale; head and elytra black…………………………………………….Oedichirus sp.2 
2* head, pronotum and elytra uniform black to reddish-black………………………3 
3 punctures of abdominal tergites in continuous rows……………………………..Oedichirus sp.4 
3* punctures of abdominal tergites in discontinuous rows, somewhat irregular  
(Fig. A3.5c)………………………………………………………………………
 
Oedichirus sp.1  
 A  B  C 
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Figure A3.4: Dorsal view of Biocrypta sp.1 (A), Biocrypta sp.2 (B) and Biocrypta sp.3 (C). 
 
 
 
1.1.8 Paederini: Astenus    
1 head, pronotum and elytra with setae…………………………………………….2 
1* head, pronotum and elytra without setae; dark in color………………………… Astenus sp.3 
2 larger; head, pronotum and elytra unicolored…………………………………… Astenus sp.1 
2* smaller; elytra with black spots…………………………………………………. Astenus sp.2 
 
 
 
1.1.9 Paederini: Stenopholea   
1 head and pronotum pubescent; head triangular; elytra as long as wide………….Stenopholea sp.3 
1* head and pronotum only with few setae; head squarish; pronotum wider than 
long……………………………………………………………………………… 
 
2 
 
2 specimens larger; abdominal tergites pubescent.....................................................Stenopholea sp.1 
2* specimens smaller; abdominal tergites only with few setae…………………….. Stenopholea sp.2 
 
 
 
1.1.10 Paederini: Dibelonetes   
1 head, pronotum and elytra brightly brown……………………………………….2 
1* head, pronotum and elytra darkish brown………………………………………. 3 
2 elytra with brightened apical margin and wider than long (Fig. A3.5a)…………Dibelonetes sp.1  
2* specimens larger; elytra longer than wide and with 2 dark spots on apical 
half……………………………………………………………………………….
 
Dibelonetes sp.4 
3 elytra with brightened apical margin; elytra wider than pronotum; labrum  
distinctly projecting (Fig. A3.5b)……………………………………………….. Dibelonetes sp.2  
3* head, pronotum and elytra uniform darkish brown/reddish; elytra as wide as 
pronotum…………………………………………………………………………
 
Dibelonetes sp.3 
 
 
 
1.1.11 Pinophilini: Palaminus    
1 pronotum with 2 longitudal striae……………………………………………….. Palaminus sp.3 
1* pronotum without striae…………………………………………………………. 2 
2 posterior angles of pronotum strongly rounded…………………………………..Palaminus sp.2 
2* pronotum trapezoidal……………………………………………………………..3 
3 pronotum ~ as long as wide; elytra little longer than pronotum………………….Palaminus sp.1 
3* pronotum clearly shorter than elytra; pronotum wider than long and densely 
punctate……………………………………………………………………………
 
Palaminus sp.4 
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Figure A3.5: Dorsal view of Dibelonetes sp.1 (A), Dibelonetes sp.2 (B) and Oedichirus sp.1 (C). 
 
 
 
 
1.1.12 Pinophilini: Pinophilus    
1 pronotum weakly punctate…………………………………………………………2 
1* pronotum strongly punctate………………………………………………………3 
2 specimens larger; entirely black; abdominal tergites flaky chagrinate……………Pinophilus sp.1 
2* specimens smaller; entirely reddish brown; elytra with regular rows of 
punctures…………………………………………………………………………...
 
Pinophilus sp.4 
3 elytra distinctly longer than pronotum……………………………………………Pinophilus sp.5 
3* elytra not distinctly longer than pronotum………………………………………...4 
4 head with fine and dense punctation………………………………………………5 
4* head with coarse and loose punctation……………………………………………6 
5 elytra longer than pronotum………………………………………………………Pinophilus sp.3 
5* elytra not as long as pronotum……………………………………………………Pinophilus sp.7 
6 apical part of scutellum very acute………………………………………………..Pinophilus sp.2 
6* apical part of scutellum rounded………………………………………………….Pinophilus sp.6 
 
 
1.1.13 Paederinae: undetermined#   
1 body bright brown; eyes very small; head elongated……………………………..Paed. MS 5 
1* different from above………………………………………………………………2 
2 specimens larger; pronotum and elytra without microsculpture; head dark 
reddish; pronotum bright reddish…………………………………………………
 
Paed. MS 2 
2* pronotum and elytra with microsculpture…………………………………………3 
3 body with coarse microsculpture; clypeus with teeth-like appendages;, eyes  
very large………………………………………………………………………….
 
Paed. MS 3 
3* specimens larger; head triangular; eyes smaller………………………………….Paed. MS 5 
# (MS 1 & MS 4 renamed) 
 
 
1.2 STAPHYLI%I%AE 
 
1.2.1 Staphylinini: Paederominus   
1 head smaller; pronotum dark brown………………………………………………Paederominus sp.1 
1* head wider; pronotum bright reddish brown……………………………………..Paederominus sp.2 
 
 
1.3 PIESTI%AE  
 
1.3.1 Piestus    
1 head, pronotum and elytra coarsely punctated……………………………………Piestus schadei 
1* head, pronotum and elytra not punctated; pronotum with 2 lateral grooves ….…Piestus sulcatus 
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1.4 OSORII%AE 
 
1.4.1 Osoriini: Osoriellus    
1 head, pronotum and elytra pubescent with long setae; head without 
microsculpture…………………………………………………………………….
 
Osoriellus sp.1 
1* head, pronotum and elytra only with single shorter setae; head fine chagrinate.…Osoriellus sp.2 
 
 
1.5 OXYTELI%AE 
 
1.5.1 Anotylus    
1 pronotum with longitudal striae or very coarse punctuation………………………2 
1* pronotum at most with fine punctuation……………………………………………3 
2 pronotum with distinct longitudal striae; frons with apical appendage………….…Anotylus sp.2 
2* head, pronotum and elytra with very coarse surface texture; elytra with dark 
spots………………………………………………………………………………..Anotylus sp.1 
3 elytra wider than long; light brown………………………………………………..Anotylus sp.4 
3* elytra squarish; dark brown………………………………………………………..Anotylus sp.3  
 
 
1.5.2 Carpelimus   
1 larger; pronotum with longitudinal striae alongside median line and lateral 
impressions…………………………………………………………………………
 
Carpelimus sp.2 
1* smaller; pronotum without striae and impressions………………………………..Carpelimus sp.1* 
 
 
1.5.3 Oxytelinae: undetermined   
1 specimens larger; eyes coarsely facetted; elytra bright and pronotum dark 
brown……………………………………………………………………………….
 
Oxyt. MS 1 
1* specimens smaller; eyes fine facetted; body explanate; pronotum and elytra  
bright brown; elytra with dark spots……………………………………………….
 
Oxyt. MS 2 
 
 
1.6 MEGALOPSII%AE 
 
1.6.1 Megalopinus   
1 elytra with 2 bright spots; head, pronotum, elytra black………………………….Megalopinus 
cavifrons 
1* elytra without spots………………………………………………………………. 2 
2 elytra with longitudinal rows of punctures………………………………………. Megalopinus sp.1 
2* elytra without punctation………………………………………………………… Megalopinus sp.2 
 
 
1.7 STE%I%AE 
 
1.7.1 Stenus    
1 elytra wide than long; pronotum widest in the middle…………………………….Stenus sp.1 
1* elytra longer than wide; pronotum tubular……………………………………….. Stenus sp.2 
 
 
1.8 SCAPHIDII%AE 
 
1.8.1 Scaphisoma    
1 eyes anterior constricted………………………………………………………… Scaphisoma sp.1 
1* eyes perfectly rounded…………………………………………………………… Scaphisoma sp.2 
Keys to Morphospecies of selected Beetle Families 
 
 
XXV 
1.9 PSELAPHI%AE 
 
Key to supertribes is adapted from the key to Mexican staphylinids by Naverrete-Heredia et al. (2002)
2
. Only 
characteristics of the dorsal exoskeleton were used for the determination of morphospecies. 
 
 
 
1.9.2 Goniaceritae: Tribe Brachyglutini   
1 pronotum with lateral foveae………………………………………………………2  
1* pronotum without lateral foveae……………………………………………………Scalenarthrus sp.1 
2 pronotum with 2 lateral foveae………………………………………………….…Brachy. MS 5 
2* pronotum with 2 lateral foveae and 1 median foveae………………………………3  
3 elytra with distinct longitudinal grooves………………………………………… 4  
3* elytra with weak longitudinal grooves (only in basal half)…………………………Brachy. MS 3 
3** elytra without longitudinal grooves……………………………………………… 5  
4 antennomere 11 modified…………………………………………………………Brachy. MS 7 
4* antennomere 11 normal………………………………………………………….…Brachy. MS 2 
5 pronotum median at widest…………………………………………………………Brachy. MS 1 
5* pronotum at widest in anterior half…………………………………………………6  
6 pronotum distinctly punctate………………………………………………………Brachy. MS 4 
6* pronotum not or very weak punctate………………………………………………Brachy. MS 6 
 
 
1.9.3 Goniaceritae: Tribe Brachyglutini: Subtribe Baradina   
1 elytra with basal foveae………………………………………………………………2  
1* elytra without basal foveae and prominent shoulder………………………………Phalepsoides sp.1 
2 elytra with prominent shoulder……………………………………………………3  
2* elytra without prominent shoulder…………………………………………………6  
3 head with robust and short setae under eyes………………………………………4  
3* head without robust and short setae under eyes……………………………………5  
4 smaller specimen; first antennomere distinctly longer than second………………Euphalepsus sp.4 
4* larger; antennomere 1 longer than 2.; pronotum with  basal ridge………………. Euphalepsus sp.5 
5 basal margin of pronotum very prominent with elongations on elytra……………Euphalepsus sp.2 
5* basal margin of pronotum weakly prominent without elongations on elytra……. Euphalepsus sp.1 
6 pronotum glossy…………………………………………………………………..Euphalepsus sp.3 
6* pronotum coarsely punctate…………………………………………………….…Euphalepsussp.6 
                                                 
2
 Naverrete-Heredia (2002) Illustrated guide to the genera of Staphylinidae (Coleoptera) of Mexico. Universidad de Guadalajara y CONABIO, 
Mexico 
 
1.9.1 Supertribes    
1 antenna with 3 antennomeres, 3 tergits visible (tergits I -III fused)………………Clavigeritae 
1* antenna with 9 -11 antennomeres…………………………………………………2 
2 mesotrochanter elongate……………………………………………………………Pselaphitae 
(1.9.7-8) 
2* mesotrochanter ~ triangular……………………………………………………… 3 
3 1. antennomere with dorsal and ventral impressions at apex; lateral margins of  
paratergits normally fused with sternits; often detectable as short basal groove at 
first visible tergit…………………………………………………………………..
 
 
Batrisitae  
(1.9.6) 
3* 1. antennomere with straight apical margin; elytra glossy………………………. 4 
4 metacoxae from moderate to broad separated, oftentimes flattened………………Goniaceritae   
(1.9.2-5) 
4* metacoxae narrowly separated…………………………………………………… Euplectitae 
(1.9.9-12) 
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1.9.4 Goniaceritae: Tribe Iniocyphini   
1 elytra with 2 basal foveae; elytra with longitudinal groove………………………Dalmonexus sp.1 
1* elytra without basal foveae…………………………………………………………2  
2 vertex of head with long groove; head with incision behind antennal scope………Batrybraxis sp.1 
2* vertex of head without groove…………………………………………………… Batrybraxis sp.2 
 
 
1.9.5 Goniaceritae: Tribe Goniacerini   
1 antenna with 5 antennomeres………………………………………………………2  
1* antenna with 6 antennomeres………………………………………………………3  
2 first antennomere convex on ventral side…………………………………………..Listrophorus sp.1 
2* first antennomere straight on ventral side…………………………………………4  
3 antenna capitate, without notches…………………………………………………..Goniacerus sp.1 
3* antenna capitate, notched; elytra glossy; eyes small………………………………Goniacerus sp.2 
3** antenna capitate; notched; elytra glossy; eyes large……………………………….Goniacerus sp.4 
3*** antenna capitate; first antennomere with apical comb-like elevation………………Goniacerus sp.3 
4 eyes small; antenna compact……………………………………………………….Goniastes sp.2 
4* specimens larger; eyes larger; antenna more stretched…………………………….Goniastes sp.1 
 
   
1.9.6 Batrisitae: Tribe Batrisini 
 
Because of a high degree of sexual dimorphism, only males (with head 
modifications or spined mesotibia) were used for morphospecies 
determination. The lateral pronotal grooves which separate between Arthmius 
(without) and Syrbatus (with) was present, but the occurrence of a wide varity 
of intermediate forms makes this characteristic insufficient. In general, 
separating this genus by using this characteristic has to be discussed.   
 
   
1 pronotum without or short lateral grooves (less than half length of pronotum)…..2  
1* pronotum with lateral groove (at least half length of pronotum)………………….5  
2 head without characteristics/impressions………………………………………….Arthmius sp.1 
2* head with weak characteristics/impressions……………………………………….3  
2** head with distinct characteristics/impressions…………………………………….4  
3a head elongate………………………………………………………………………Arthmius sp.3 
3b head normal……………………………………………………………………….Arthmius sp.2 
4a head apically with median tubercle………………………………………………..Arthmius sp.4 
4b head apically carinate and sinuate…………………………………………………Arthmius sp.5 
4c head apically carinate with median peak………………………………………… Arthmius sp.13 
4d head apically with deep fovea, median with erect setae (I, Fig. A3.6a)…………..Arthmius sp.6 
4e head with median transverse carina; vertex produced with erect hairs……………Arthmius sp.7 
4f head deeply impressed and with pubescent transversal carina (V, Fig. A3.6d)…. Arthmius sp.8 
4g head with median impression, not reaching vertex; apically with vertical plate… Arthmius sp.9 
4h lateral sides of head vertical looming (III, Fig. A3.6b), clypeus anchor-like 
elongate (II, Fig. A3.6b); partly Syrbatus like…………………………………….
 
Arthmius sp.10 
4i head apically with horn-like process (IV, Fig. A3.6c)……………………………Arthmius sp.11 
4j head apically with nose-like process which discharge into al pit………………….Arthmius sp.12  
5 head without distinct characteristics; 1.antennomere thickened with small pits  
on the outside………………………………………………………………………
 
Syrbatus sp.1 
5* head without distinct characteristics but 2 posterior foveae……………………….Syrbatus sp.15 
5** pronotum hump-like elevated……………………………………………………..Syrbatus sp.16 
5*** head with distinct characteristics/impressions……………………………………6  
6 antennomeres modified……………………………………………………………7  
6* antennomeres without modifications………………………………………………8  
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7a 1. antennomere strongly elongate on the inside………………………………….. Syrbatus  sp.2 
7b 1. antennomere strongly enlarged (II, Fig. A3.7a); head with two pubescent  
lateral carinae (I, Fig. A3.7a)……………………………………………………...Syrbatus sp.3 
7c 1. antennomere flattened on the inside; clypeus tongue-like elongate…………….Syrbatus sp.4 
7d 4. antennomere enlarged; head with median erect seta…………………………….Syrbatus sp.5 
7e 2. antennomere flattened and enlarged…………………………………………….Syrbatus sp.6 
7f 2. antennomere enlarged and coarsely punctated…………………………………Syrbatus sp.13 
8a clypeus elongated with median ridge……………………………………………..Syrbatus sp.7 
8b clypeus elongated with 2 tufts of setae, head median with a single and a  
y-shaped seta (III, Fig. A3.7b)……………………………………………………..Syrbatus sp.8 
8c clypeus narrowly elongated with hairs laterally……………………………………Syrbatus sp.9 
8d clypeus broad elongate and flattened………………………………………………Syrbatus sp.10 
8e clypeus arrow-like elongate with tufts of setae at the angles……………………..Syrbatus sp.12 
8f frons with protuberance…………………………………………………………….Syrbatus sp.11 
8g frons with light triangular carina (IV, Fig. A3.7c)…………………………………Syrbatus sp.14 
 
 
Figure A3.6: Dorsal view from head modification of Arthmius sp.6 (A; I: erect setae), Arthmius sp.10 (B; II: clypeus 
anchor-like elongated, III: sides of head vertical looming), Arthmius sp.11 (C; IV: horn) and Arthmius sp.8 (D; V: 
transversal carina). 
 
 
Figure A3.7: Dorsal view from head modification of Syrbatus sp.3 (A; I: lateral carina, II: elongate first antennomere), 
Syrbatus sp.8 (B; III: y-shaped seta) and Syrbatus sp.14 (C; IV: triangular carina). 
 
 
 
1.9.7 Pselaphitae: Tribe Phalepsini   
1 apical maxillary palpomere very long; apically very thin………………………...Phalepsus sp.1 
1* apical maxillary palpomere only little elongate; shape apically normal …………Phalepsus sp.2 
I 
II 
III 
IV 
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I 
 A 
III 
II 
 B 
IV 
 C  D 
 V 
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1.9.8 Pselaphitae: Tribe Tyrini   
1 smaller; eyes very small……………………………………………………………Apharus sp.1 
1* larger; eyes large…………………………………………………………………. Apharus sp.2 
 
 
1.9.9 Euplectitae: undetermined   
1 head with characteristics/impressions……………………………………………. 2  
1* head without characteristics/impressions…………………………………………3  
2 head with broad impression…………………………………………………….…Euplec. MS 4 
2* head with thin impression………………………………………………………….Euplec. MS 1 
3 habitus of Euplectus; 3 antennomeres forming antennal club………………….…Euplec. MS 2 
3* groove from 4. to 5. sternit; 1 antennomere forming antennal club………………Euplec. MS 3 
 
 
 
Figure A3.8: Dorsal view of Metopiellus sp.1 (A), Metopiellus sp.2 (B) and Metopiellus sp.3 (C). 
 
 
 
 
1.9.10 Euplectitae: Tribe Metopiasini   
1 antennomere 1 short, antenna straight……………………………………………Rhinocepsis sp.1 
1* antennomere 1 long and geniculate, larger species (Subtribe Metopiasina)…….. 2  
2 pronotum with long spines laterally……………………………………………... 5  
2* pronotum without spines…………………………………………………………3  
3 specimens smaller, <  1 mm……………………………………………………... 4  
3* specimens larger,  > 1 mm (Fig. A3.8c)………………………………………… Metopiellus sp.3 
4 elytra shorter, more shallow and much wider apically (Fig. A3.8a)……………..Metopiellus sp.1 
4* elytra longer, slightly arched and less widened apically (Fig. A3.8b)…………...Metopiellus sp.2 
5 head, pronotum and elytra light brown and glossy…………………………….…Metopyoxissp.1 
5* elytra dark brown, pronotum and elytra chagrinate………………………………Metopyoxis sp.2 
 
 
1.9.11 Euplectitae: Tribe Trogastrini   
1 pronotum apically elongate (pin-like)……………………………………………Rhexius sp.1 
1* pronotum not elongate apically……………………………………………………2  
2 antennomeres small and compact, pronotum wider than long……………………Eurhexius sp.1 
2* antennomeres stretched……………………………………………………………3  
3 tergite 1 strongly elongate…………………………………………………………Eurhexius sp.4* 
3* tergite 1 not elongate…………………………………………………………….. 4  
4 specimens smaller; antennomeres more stretched………………………………. Eurhexius sp.2 
4* specimens distinct larger…………………………………………………………5  
5 pronotal margins with distinct spines…………………………………………….Eurhexius sp.3 
5* pronotal margins without spines………………………………………………… Eurhexius sp.5 
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1.9.12 Euplectitae: Tribe Trychonychini  
1 tergite 1 with basal carinae……………………………………………………… 2 
1* tergite 1 without basal carinae, antennal club is formed of a single 
antennomere………………………………………………………………………
 
Trimiina MS 1 
2 basal carinae of tergite 1 close together………………………………………….Melba sp.1 
2* basal carinae of tergite 1 wider separated………………………………………..Melba sp.2 
 
 
 
 
 
 
2. CARABIDAE 
 
Genera were determined using the key to neotropical carabids by Reichhardt (1997)
3
. 
 
2.1 CARABI%AE 
 
2.1.1 Pentagonicini: Pentagonica   
1 elytra unicolor……………………………………………………………….……2 
1* elytra with spots……………………………………………………………….….Pentagonica sp.4 
2 head and pronotum reddish…………………………………………………….…Pentagonica 
media 
2* head and pronotum black…………………………………………………………3 
3 specimens smaller, Ø ~ 4 cm (n = 5) ………………………………………….…Pentagonica sp.2 
3* specimens larger, Ø ~ 5 cm (n = 2) ………………………………………………Pentagonica sp.3 
 
 
Figure A3.9: Dorsal view of Xystosomus inflatus (A), Xystosomus tholus (B) and Paratachys sp.1 (C).  
 
 
 
2.1.2 Bembidiini: Xystosomus      
1 specimens larger; pronotum with 2 triangular impressions near the hind angle;  
pronotum with 2 pairs of lateral setae (Fig. A3.9a)………………………………
 
Xystosomus 
inflatus 
1* specimens smaller; pronotum without impressions and setae (Fig.A3.9b)………Xystosomus 
tholus 
1 
 
2.1.3 Bembidiini: Paratachys  
1 pronotum and elytra chagrinate……………………………………………………2 
1* pronotum and elytra not chagrinate, very glossy…………………………………3 
                                                 
3 Reichardt AAS (1977) A Synopsis of the genera of Neotropical Carabidae (Insecta: Coleoptera). Quaestiones Entomologicae 13: 346–393  
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2 elytra and pronotum yellow brown; head darker; pronotal hind angles not 
markedly produced; head chagrinate (Fig. A3.10d)………………………………
 
Paratachys sp.4 
2* head glossy, without microsculpture; pronotal hind angles markedly produced..…4 
3 elytra with clearly visible rows of punctures; elytra with short arcuate carinae  
at apex; unicolor light brown……………………………………………………..
 
Paratachys sp.10 
3* longitudinal rows on elytra only weak implied; elytra with long arcuate  
carinae at apex; unicolor reddish brown………………………………………….
 
Paratachys sp. 11 
4 pronotum hind angles clearly produced……………………………………….….5 
4* hind angles of pronotum not produced; very small species……………………….Paratachys sp.12 
5 hind angles of pronotum more than 90° and slightly rounded…………………... 6 
5* hind angles of pronotum acute and forming a perfect 90° angle…………………8 
6 body unicolor dark brown……………………………………………………………7 
6* head and pronotum light brown; elytra darker brown…………………………….Paratachys sp.8 
7 specimens larger (Fig. A3.10c)………………………………………………………Paratachys sp.3 
7* specimens smaller…………………………………………………………………Paratachys sp.7 
8 pronotum distinct wider than long; larger species…………………………………10 
8* pronotum only little wider than long; smaller species…………………………….9 
9 head darker than elytra and pronotum………………………………………………Paratachys sp.6 
9* head, pronotum and elytra yellow-brown…………………………………………Paratachys sp.5 
 
  
2.1.4 Zuphiini: Pseudaptinus       
1 head and pronotum dark brown; hind angles of pronotum rounded…………………Pseudaptinus sp.1 
1* head and pronotum light brown; pronotum with distinct hind angles…………… Pseudaptinus sp.2 
 
 
Figure A3.10: Dorsal view of Paratachys sp.2 (A), Paratachys sp.3 (B) and Paratachys sp.4 (C). 
 
 
 
2.2 HARPALI%AE 
 
2.2.1 Harpalini: Selenophorus   
1 specimens larger than 1cm………………………………………………………..Selenophorus 
sp.4 
1* specimens smaller than 1 cm……………………………………………………..2 
2 pronotum without punctures or striae…………………………………………… 3 
2* pronotum punctated and/or with longitudal striae…………………………………5 
3 pronotum ~ two times wider than long……………………………………………Selenophorus 
sp.6 
3* pronotum less than two times wider than long……………………………………4 
4 hind angles of pronotum with tooth-like appendage……………………………..Selenophorus 
sp.1 
4* hind angles of pronotum angular, but without tooth-like appendage……………..Selenophorus 
sp.3 
 A 
 A 
  D 
A B   C 
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5 pronotum posterior coarsely punctate………………………………………………Selenophorus  
sp.7 
5* pronotum unpunctate, only with  2 small impressions in basal third…………….Selenophorus  
sp.2 
 
 
2.2.2 Loxandrini: Loxandrus    
1 elytra unicolor…………………………………………………………………….2 
1* elytra brown with 5. interstriae brighter; head and elytra dark brown; 
pronotum darkbrown ……………………………………………………………..
 
Loxandrus sp.3 
2 pronotum reddish; head and elytra brown; frons slightly brightened……………..Loxandrus sp.2 
2* head darkish brown; pronotum and elytra darkbrown…………………………….Loxandrus sp.1 
 
 
2.2.3 Lebiini: Lebia  
1 specimens < 3 mm; head dark brown; pronotum brown with brightened lateral 
margins; elytra light brown with dark brown middle stria………………………..Lebia sp.2 
1* specimens > 3mm…………………………………………………………………2 
2 head dark brown, pronotum dark brown with brightened lateral margins………. Lebia sp.1 
2* head light brown…………………………………………………………………..3 
3 head and pronotum light brown; elytra dark brown with opalescent region near  
at elytral base………………………………………………………………………Lebia sp.5* 
3* elytra with additional brightened spot near apex…………………………………4 
4 specimens smaller; elytra chocolate brown with basal and apical spot; apical  
spot not reaching apex……………………………………………………………..Lebia sp.3 
4* specimens larger; elytra dark brown; apical spot reaching apex………………….Lebia sp.4 
 
 
 
 
3. CURCULIO%IDAE 
 
Genera were determined using the key to curculionids by Alonso-Zarazaga and Lyal (1999)
4
. 
 
3.1 COSSO%I%AE 
 
3.1.1 Cossoninae: undetermined  
1 body strongly flattened………………………………………………………….…2 
1* body very weak or not flattened………………………………………………….. 3 
2 rostrum ~ as long as head and pronotum combined…………………………….…Cosso. MS 4 
3 antenna with distinct club………………………………………………………..…5 
3* antenna apically thickened but not forming a distinct club……………………… 4 
4 rostrum ~ as wide as head…………………………………………………………Cosso. MS 5 
4* rostrum very long and more narrow than head…………………………………..…Cosso. MS 7 
5 antennal club with short setae and cylindric shaped………………………………Cosso. MS 1 
5* antennal club with long setae and drop shaped……………………………………6 
6 head and pronotum black; elytra reddish-brown………………………………… Cosso. MS 8 
6* head, pronotum and elytra reddish-brown……………………………………….. 7 
7 antennomere 1 as long as the remaining combined……………………………… Cosso. MS 9 
7* antennomere 1 shorter than the remaining combined……………………………....8 
8 scutellum heart-shaped…………………………………………………………… Cosso. MS 6 
8* scutellum rounded…………………………………………………………………9 
                                                 
4 Alonso-Zarazaga MA, Lyal CHC (1999) A World Catalogue of Families and Genera of Curculionoidea (Insecta: Coleoptera) (Excepting Scolytidae 
and Platypodidae). Entomopraxis, Barcelona 
 
Keys to Morphospecies of selected Beetle Families 
 
 
XXXII     
9 specimens larger; rostrum very short…………………………………………..… Cosso. MS 10 
9* specimens smaller; rostrum long………………………………………………… Cosso. MS 2 
 
 
3.2 CEUTHORHY%CHI%AE 
 
3.2.1 Ceuthorhynchinae: undetermined   
1 specimens larger; unicolor black; elytra with irregular rows of punctual 
tuberculi……………………………………………………………………………Ceuth. MS 1 
1* specimens smaller; unicolor reddish-brown; elytra with prominent longitudinal 
rows but without punctual tuberculi ……………………………………………….Ceuth. MS 2 
 
 
3.3 BARADI%AE 
 
3.3.1 Baridinae: undetermined   
1 elytra glabrous and black……………………………………………………………2  
1* elytra different……………………………………………………………………..3  
2 pronotum black and coarsely punctate………………………………………….…Barid. MS 3 
2* pronotum reddish-brown and glossy…………………………………………………Barid. MS 4 
3 very small; unicolor light-brown; glabrous…………………………………………Barid. MS 1 
3* specimens larger; densely pubescent; varicolored setae forming a color pattern  
on pronotum and elytra; pronotum with prominent, glabrous median line…….……Barid. MS 2 
 
 
3.4 CURCULIO%I%AE 
 
3.4.1 Anthonomini: Anthonomus   
1 specimens larger; body light-brown with dense yellow hairs; rostrum longer  
than the half body size……………………………………………………………..
 
Anthonomus sp.1 
1* specimens smaller; body with dense white hairs; elytra brown with black 
longitudinal and vertical bands; rostrum shorter than half body size……………..
 
Anthonomus sp.2 
 
 
3.4.2 Anthonomini: Pseudoanthonomus    
1 elytra and pronotum brown; densely pubescent with white setae………………….Pseudo- 
anthonomus sp.1 
1* elytra and pronotum black; densely pubescent with white setae………………….Pseudo- 
anthonomus sp.2 
 
 
3.5 EUG%OMI%AE 
 
3.5.1 Eugnomini: Udeus   
1 specimens larger; unicolor light brown; antennomeres distinctly stretched……….Udeus sp.2 
1* specimens smaller; elytra light brown with darker spots; antennomeres more 
compressed…………………………………………………………………………Udeus sp.1 
 
 
3.5 CRYPTORHY%CHI%AE 
 
3.5.1 Cryptorhynchinae: undetermined   
1 elytra with prominent longitudal carinae…………………………………………..2  
1* elytra without prominent longitudal carinae……………………………………….3  
2 elytra densely pubescent with erect bristle and scales; white setae forming a 
transversal band at middle of elytra (Fig. A3.11a)………………………………..Cryptorh. MS 1 
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2* elytra sparsely pubescent; frons impressed and densely pubescent (with white 
scales) (Fig. A3.11c)………………… ……………………………………………
 
Cryptorh. MS 7 
3 elytra with erect bristles and scales………………………………………………. 4  
3* elytra only with few erect bristles………………………………………………….6  
3** elytra only with yellow and white  scales ; white setae forming spots; eyes 
elongated and narrowly separated (Fig. A3.11b)…………………………………..Cryptorh. MS 6 
4 pronotum densely pubescent at lateral margins with white setae………………….Cryptorh. MS 8 
4* pronotum margins not more densely pubescent than the center……………………5  
5 specimens larger (Fig. A3.11d)………………………………………………….…Cryptorh. MS 9 
5* specimens smaller………………………………………………………………….Cryptorh. MS 3 
6 elytra glossy with continuous longitudinal rows………………………………….Cryptorh. MS 2 
6* elytra with discontinuous rows (reticulate)…………………………………………Cryptorh. MS 4 
 
 
 
Figure A3.11: Dorsal view of Tylodina MS 7 (A), Molytina MS 1 (B) and Molytina MS 2 (C).  
 
 
 
 
3.5.2 Subtribe Tylodina: undetermined  
1 elytra rough; with several bristle-bearing tuberculi……………………………… 2 
1* elytra without tuberculi……………………………………………………………4 
2 specimens larger; black unicolor; pronotum with distinct glabrous median line…3 
2* reddish-black; pronotum and elytra with hump-like tuberculi (bearing yellow 
setae) (Fig. A3.11e)………………………………………………………………. Tylodina MS 3 
2** pronotum and elytra coarsely punctate; pronotum black; elytra reddish-black……Tylodina MS 4 
3 elytral elevations a little bit more pronounced; pronotum a little bit wider 
apically…………………………………………………………………………… Tylodina MS 6 
3* elytral elevations a little bit less pronounced; pronotum a little less wide 
apically……………………………………………………………………………
 
Tylodina MS 8 
4 body almost as wide as long………………………………………………………5 
4* body distinctly longer than wide…………………………………………………. 6 
5 body yellow-brown…………………………………………………………………Tylodina MS 14 
5* specimens smaller; all longitudinal carinae of elytra black; less  
densely pubescent…………………………………………………………………
 
Tylodina MS 17 
6 elytra black with two reddish-brown longitudinal stripes (Fig. A3.11f)………….Tylodina MS 11 
6* elytra different……………………………………………………………………. 7 
7 pronotum black; elytra reddish-brown………………………………………….…8 
7* pronotum and elytra black……………………………………………………….…11 
7** neither pronotum nor elytra black…………………………………………………13 
8 pronotum very coarsely punctate; pits of different sizes…………………………..9 
8* pronotum very coarsely punctate; pits of similar size…………………………… Tylodina MS 10 
9 yellow scales forming pattern on elytra and pronotum (Fig. A3.12a)…………….Tylodina MS 7 
9* setae do not form a pattern on elytra and pronotum……………………………..…10 
 A 
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10 rostrum with glossy median line……………………………………………………Tylodina MS 13 
10* rostrum without glossy median line; only glabrous apically…………………….. Tylodina MS 15 
11 specimens much smaller (< 3 mm)…………………………………………………Tylodina MS 12 
11* specimens much larger (> 5mm)………………………………………………… 12 
12 specimens larger; elytra wider than pronotum………………………………….…Tylodina MS 9 
12* specimens smaller; pronotum ~ as wide as elytra…………………………………Tylodina MS 16 
13 body reddish-brown……………………………………………………………… Tylodina MS 1 
13* body light-brown………………………………………………………………..…14 
14 specimens smaller; evenly pubescent………………………………………………Tylodina MS 18 
14* specimens larger; yellow hairs form pattern on pronotum and elytra………….….Tylodina MS 2 
 
 
 
 
Figure A3.12: Dorsal and lateral view of Cryptorhynchinae MS 1 (A), Cryptorhynchinae MS 6 (B), Cryptorhynchinae 
MS 7 (C), Cryptorhynchinae MS 9 (D), Tylodina MS 3 (E) and Tylodina MS 11 (F). 
 
 
 
 
3.6 MOLYTI%AE 
 
3.6.1 Molytinae: undetermined   
1 specimens larger; pronotum black; elytra reddish-brown; elytra with irregular 
tuberculi which are densely pubescence (Fig. A3.12b)………………………….. Molytinae MS 1 
1* specimens smaller; unicolor reddish-brown; pronotum and elytra sparely 
pubescent (Fig. A3.12c)…………………………………………………………. 
 
Molytinae MS 2 
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Figure A3.13: Dorsal and lateral view of Conotrachelus sp.3 (A), Conotrachelus sp.5 (B), Conotrachelus sp.8 (C), 
Conotrachelus sp.4 (D), Conotrachelus sp.7 (E) and Conotrachelus sp.1 (F). 
 
 
 
3.6.2 Conotrachelini: Conotrachelus  
1 elytra without continuous longitudal carinae…………………………………….. 2 
1* elytra with longitudal carinae; 1. carinae discontinuous in basal third……………3 
2 body unicolor black; evenly pubescent with short reddish hairs (Fig. A3.13b)……Conotrachelus MS 5 
2* body unicolor black; unevenly pubescent with yellow hairs (Fig. A.3.13c)………Conotrachelus MS 8 
3 elytra black with badly delimited reddish parts (Fig. A3.13f)…………………….Conotrachelus MS 1 
3* elytra different……………………………………………………………………. 4 
4 elytra with distinctly prominent longitudinal carinae; pronotum with median 
line…………………………………………………………………………………5 
4* pronotum without distinct median line…………………………………………….6 
5 specimens larger; 1. longitudinal carina brown; elytra densely pubescent (white 
hairs) (Fig. A3.13a)………………………………………………………………..
 
Conotrachelus MS 3 
5* specimens smaller; all longitudinal carinae of elytra black; less densely  
pubescent (Fig. A3.13d)…………………………………………………………..
 
Conotrachelus MS 4  
6 body reddish-brown with yellow pubescence; yellow hairs forming semicircle  
on pronotum (Fig. A3.13 e)…………………………………………………….....
 
Conotrachelus MS 7  
6* pronotum with very few hairs………………………………………………………7   
7 elytra glossy, only with less prominent longitudinal carinae; few tuberculi on 
elytra accentuated through yellow pubescence……………………………………
 
Conotrachelus MS 9  
7* elytra and pronotum coarsely punctate; black; white hairs forming two basal  
spots and two transversal bands on elytra…………………………………………
 
Conotrachelus MS 2  
 
 
 
4. CERYLO%IDAE 
 
4.1 Ceryloninae: Lapethus   
1 elytra with longitudal rows………………………………………………………2  
1* elytra glabrous; body black…………………………………………………….. Lapethus sp.3 
2 specimens smaller; longitudal rows of elevated single tuberculi……………….Lapethus sp.1 
 A 
 B 
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2* specimens larger; longitudal rows of connate elevated punctures………………Lapethus sp.2 
 
 
 
5. E%DOMYCHIDAE 
 
5.1 Endomychidae  
1 body black, glossy; lateral margins and hind angle of pronotum elucidate  
(Fig. A3.14a)………………………………………………………………….….Ibicarella sp.1 
1* body reddish-brown; elytra median with curved row of punctures  
(Fig. A3.14b)…………………………………………………………………….Endomychidae MS 2 
 
 
 
                
 
Figure A3.14: Dorsal view of Ibicarella sp.1 (Endomychidae; I: elucidating pronotal margins; A), Endomychidae MS 2 
(B; II: elytra with curved row of puncture), Aglyptinus sp.1 (Leiodidae; c), Aglyptinus sp.2 (Leiodidae; d)  
 
 
 
6. LEIODIDAE 
6.1 Aglyptinus  
1 body dark reddish brown; lateral margins of pronotum elucidate; larger  
specimens (Fig. A3.14c)…………………………………………………………..
 
Aglyptinus sp.1 
1* body light brown; smaller specimens (Fig. A3.14d)……………………………….Aglyptinus sp.2 
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7. TE%EBRIO%IDAE 
 
7.1.1 Tenebrionidae: undetermined  
1 Body elongate……………………………………………………………………..4 
1* body more or less rounded……………………………………………………….. 2 
2 body perfectly rounded; elytra widest at elytral base……………………………. 3 
2* body not perfectly rounded; elytra not widest at base…………………………… Tenebr. MS 2 
3 smaller; scutellum acute……………………………………………………………Tenebr. MS 8 
3* larger; scutellum broadly rounded apically………………………………………. Tenebr. MS 5 
4 scutellum heart-shaped; antenna moniliform……………………………………. Tenebr. MS 4 
4* scutellum different…………………………………………………………………5 
5 antenna with distinct club…………………………………………………………6 
5* antenna not forming a distinct club……………………………………………… 7 
6 club loosely………………………………………………………………………. Tenebr. MS 9 
6* club compact………………………………………………………………………Tenebr. MS 6 
7 smaller; light brown; body strongly elongate; elytra irregularly punctuate……… Tenebr. MS 7 
7* larger; reddish-brown; elytra with distinct puncture rows……………………….. 8 
8 pronotum not as wide as elytra……………………………………………………Tenebr. MS 8 
8* pronotum wider than elytra…………………………………………………………Tenebr. MS 1 
 
 
 
7.2.1 Goniaderini: Anaedus  
1 scutellum punctate (with or without hairs)………………………………………..2 
1* scutellum glossy or chagrinate but not punctate……………………………………3 
2 eyes close together ( not wider separated than the least width of eyes)  
(Fig. A3.15h)………………………………………………………………………Anaedus sp.10 
2* eyes wider separated (at least double the least width of eyes) (Fig. A3.15g)……..Anaedus sp.9 
3 elytra unicolor black or dark brown……………………………………………….6 
3* elytra brown with distinct bright bands and spots…………………………………4 
4 elytral shoulder brightened; smaller specimens………………………………………5 
4* elytral shoulder not brightened; larger specimens (Fig. A3.15f)………………… Anaedus sp.8 
5 pronotum black with brighter lateral margins (Fig. A3.15l)………………………Anaedus sp.2 
5* pronotum unicolor reddish-brown (Fig. A3.15k)…………………………………Anaedus sp.12 
6 pronotum regular and more or less densely punctate…………………………….. 7 
6* pronotum weakly punctate, large parts without punctures; body unicolor reddish-
brown; larger specimen (Fig. A3.15j)……………………………………………. Anaedus sp.7 
7 elytra with more or less distinct longitudinal carinae ( puncture rows 
coadunate)………………………………………… ………………………………10 
7* elytra with puncture rows…………………………………………………………8 
8 pronotum and head densely punctate (Fig. A3.15c)…………………………………Anaedus sp.5 
8* head and pronotum less densely punctate…………………………………………9 
9 larger specimens; scutellum broad heart-shaped (Fig. A3.15b)…………………..Anaedus sp.3 
9* smaller specimens; scutellum longer heart-shaped (Fig. A3.15i)…………………Anaedus sp.11 
10 pronotum very densely punctate, with short median longitudinal carinae in  
basal half (Fig. A3.15a)…………… ……………………………………………..
 
Anaedus sp.1 
10* less densely punctate……………………………………………………………….11 
11 larger specimens; apical maxillary palpomere securiform (Fig. A3.15d)…………Anaedus sp.4 
11* smaller specimens; apical maxillary palpomere subtriangular (Fig. A3.15e)……..Anaedus sp.6 
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Figure A3.15: Dorsal view of Anaedus sp.1 (A), Anaedus sp.3 (B), Anaedus sp.5 (C), Anaedus sp.4 (D), Anaedus sp.6 
(E), Anaedus sp.8 (F), Anaedus sp.9 (G), Anaedus sp.10 (H), Anaedus sp.11 (I), Anaedus sp.7 (J), Anaedus sp.12 (K) 
and Anaedus sp.2 (L). 
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Appendix A.4 
 
 
A.4a: Method of Jackknife 1 richness estimation  
 
If interested in estimating some parameter, 0 (here: real species number), using ), 
where ( ) is a sample of n independent observations with cumulative distribution function 
F(0,X). Assume that  is a reasonably good estimate of 0. To get the jackknife estimation, one 
performs the following sequence of steps: 
(i)   Remove one of the observations,  . 
(ii)  Compute the estimate of 0 based on ) and denote it by -1. 
(iii) Compute the pseudo value  -1 -1. 
Steps (i-iii) are repeated n times for  The Jackknife estimate Jn(0) is then given by:                 
 (1)        
The estimate of the sampling variance of this estimate is given by 
(2)        
       
 
 
 
 
 
 
 
 
 
A.4b: Study sites used for PerMANOVA’s. Results are given in Table 3.4. 
 
 
 
 
Location Cachoeira  Itaqui 
Successional stage 1 2 3 4  1 2 3 4 
Analysis 1 1,2 2,3 1,2 2,3  1,2 2,3 1,2 2,3 
Analysis 2 1,2 1,2 1,3 1,3  1,3 2,3 1,3 2,3 
Analysis 3 2,3 2,3 1,2 1,3  2,3 2,3 1,2 2,3 
Analysis 4 1,3 2,3 2,3 2,3  2,3 2,3 1,3 1,3 
Analysis 5 1,2 1,3 2,3 2,3  1,2 2,3 2,3 1,2 
Analysis 6 2,3 1,3 2,3 1,3  2,3 2,3 2,3 2,3 
Analysis 7 1,3 1,2 1,2 1,2  1,2 2,3 1,2 1,3 
Analysis 8 1,3 1,3 2,3 1,3  1,2 2,3 2,3 1,2 
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Appendix A.5 
 
 
A.5a: Scatter plots of environmental variables measured in different aged forest stages (Stages 1-4) of the Rio do 
Cachoeira reserve.  
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A.5b: Scatter plots of environmental variables measured in different aged forest stages (Stages 1-4) of the Serra do 
Itaqui reserve.  
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A.5c: Results of two-way ANOVA on the effect of litter volume, litter temperature and successional stage (forest age) 
on beetle species density in successional stages of the reserve Rio do Cachoeira (A) and Serra do Itaqui (B), Brazil.  
 
Source of variation SS (type I) df MS F p 
(A)      
Litter volume 4193.28 1 4193.28 11.61 0.027 
Litter Temperature 1324.75 1 1324.75 3.67 0.128 
Successional stage 3657.22 3 1219.07 3.38 0.135 
Error 1443.69 4 360.92   
      
(B)      
Litter volume 3597.19 1 3597.19 19.72 0.011 
Litter Temperature 2418.80 1 2418.80 13.26 0.022 
Successional stage 270.96 3 90.32 0.49 0.705 
Error 729.65 4 182.41   
 
 
  
 
 
Appendix A.6 
 
 
A.6a: Estimated total species density of 2
forests in submontane Atlantic forests of 
triangle: Site 3) of the different forest stag
symbols) and August 2007 (open symbol
deviation. Staphylinidae (a), Curculionida
Leiodidae, Tenebrionidae, Eucinetidae, E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Supporting Material to Chapter 5 
XLIV 
0m
2 
at two different sampling dates in secondary fore
the Serra do Itaqui reserve, Brazil. Each study site (sq
es (Stage 1-4) was separately analyzed for sampling i
s). Species numbers are displayed as Jackknife 1estim
e (b), Carabidae (c) and a joint plot of less abundant f
ndomychidae, and Hydrophilidae) separately. 
sts and old-growth 
uare: site 1, circle: site 2, 
n April 2007 (full 
ation with standard 
amilies (d; including 
Supporting Material to Chapter 5 
 
 
 
XLV 
 
 
 
 
 
 
 
 
A.6b. Exemplary temperature curves for sites of very young (~ 5 years, a), young (10-15 years, b), and old secondary 
forest (35-50 years after abandonment, c) as well as old-growth forest (> 100 years without anthropogenic impact, d) 
comprising the two time periods 01.03.2008 – 30.04.2008 and 01.06.2008 – 20.07.2008.    
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